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ABSTRACT OF THESIS 




The Eastern Kentucky Coal Field is located in the central portion of the 
Appalachian Basin. The Pennsylvanian Breathitt Formation in this region is characterized 
by numerous sequences of bituminous coal-bearing sedimentary rocks. These coals have 
distinct maceral compositions due to variations in depositional environments. Coal 
characterization is an important method for determining conditions that influenced peat 
accumulation and overall depositional settings of mires. 
This study focuses on the characterization of the maceral composition of the 
Middle Pennsylvanian-age Leatherwood coal bed. It utilizes petrographical, 
palynological, and geochemical analyses to describe specific depositional environments 
and associated peat accumulation conditions. 
Petrographic analyses indicate that these coals have relatively high liptinite and 
varying inertinite content, along with trace amounts of mineral matter. Vitrinite, mainly 
in the form of collotelinite, is the most dominant maceral group. Geochemical data reveal 
low ash and sulfur content. Ancillary palynological data shows the palynomorph 
assemblage to be dominated by tree fern and large lycopsid tree spores, with lesser 
amounts of small lycopsid tree, small fern, and cordaites and calamites spores. The 
petrographic, geochemical and palynological data indicate that both domed, 
ombrotrophic, and planar, rheotrophic mire conditions, with limited local detrital influx, 
contributed to the formation of the Leatherwood coal.  
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The Eastern Kentucky Coal Field (EKCF) is located in one of the major 
sedimentary basins in the state: the Appalachian Basin. The EKCF covers all or parts of 
31 counties (approximately 34,628 square kilometers), and spans about 33 percent of the 
state’s area. The EKCF is part of the Central Appalachian Basin, and stretches from the 
Appalachian Mountains westward across the Cumberland Plateau (Figure 1.1). The 
lithology in this region is composed of numerous sequences of bituminous coals, many of 
which have distinct maceral (i.e., organic constituents present in coal) compositions, due 
to varying depositional environments (Chesnut, 1989).  Coal characterization is an 
important method for determining conditions that influenced peat accumulation and 
overall depositional settings, especially in Kentucky where coal contains variable maceral 
assemblages.  
1.1 Purpose 
 The bituminous coal found in Kentucky’s coal field region encompasses a broad 
range of coals with varying maceral composition. Many of these coal beds have 
undergone extensive palynological, petrographical, and geochemical analyses. However, 
others, including the Leatherwood coal bed in the Hazard Coal Zone, have yet to be 
examined in detail. This study will focus on the organic petrography of the Middle 
Pennsylvanian-age Leatherwood coal bed. The identification of maceral assemblages 
through organic petrography provides vital information necessary for the interpretation 
and assessment of the conditions under which the peat accumulated, and associated 
depositional environments (Helfrich and Hower, 1991; Greb et al., 1999; Hower et al., 
2007; Hower and Wagner, 2012). Geochemical and palynological data are incorporated 
to better define the complex processes behind the accumulation and coalification of the 
Leatherwood coal. Specifically, maceral analyses provide indicators of peat degradation 
and preservation. Miospore analyses provide an overview of the original mire flora, as 
well as temporal changes in vegetation during mire development; and geochemical 
analyses provide additional information about mire hydrology (Eble et al., 1994). These 
proxies have been effectively combined to reconstruct paleoecologies and 
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paleoenvironments of peat deposition in numerous Pennsylvanian-age coal beds (Grady 
and Eble, 1989; Hower and Bland, 1989; Eble and Grady, 1990; Helfrich and Hower, 
1991; Eble et al., 1994; Greb et al., 1999; Greb et al., 2001; Greb et al., 2002; Hower et 
al., 2007). 
1.2 Coal Overview 
 Coal is an organic-rich, combustible sedimentary rock composed primarily of 
carbonaceous material formed from the compaction and induration of plant remains 
(Schopf, 1956; Taylor et al., 1998; Suárez-Ruiz and Crelling, 2008). The properties of 
coal are the result of the interplay of three independent geological parameters that are 
used in describing coal: lithotype, rank, and grade (Taylor et al., 1998; Suárez-Ruiz and 
Crelling, 2008; O’Keefe et al., 2013). The Leatherwood coal bed is a part of the upper 
Middle Pennsylvanian (middle Bolsovian) Prater Coal Zone in the EKCF of the Central 
Appalachian Basin. It consists predominately of alternating clarain and durain lithotypes 
that are high volatile A bituminous in rank, and of varying grade. 
1.2.1 Lithotypes 
 Coal lithotypes reflect the nature of plant debris from which the resulting peat was 
derived. This includes the amount and type of plant components (e.g., leaves, wood, 
algae, etc.), as well as the degree of degradation of the plant material. Two broad 
categories of coal are recognized: humic and sapropelic. Humic coals contain organic 
matter that originates primarily from terrestrial plant debris. Sapropelic coals, in contrast, 
contain organic matter more indicative of subaqueous deposition (e.g., algae and 
planktonic organisms; Taylor et al., 1998; Suárez-Ruiz and Crelling, 2008). Humic coals 
can be subdivided into four major macrolithotypes: durain, fusain, clarain, and vitrain, all 
of which are distinguished using brightness and texture (Stopes, 1911). Bright coals are 
usually dominated by vitrain and clarain, and have a brittle, satiny or glassy texture. 
Vitrain is a homogenous component of coal, having a massive texture and showing 
vitreous conchodial fracture, whereas clarain, is a more heterogeneous material with 
banded structure, smooth surfaces, and fractures at right angles (Taylor et al., 1998; 
Suárez-Ruiz and Crelling, 2008).  Dull coals are rich in durain and fusain, and have a 
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grainy or charcoal-like texture.  Durain has a dull, gray-black appearance, and is 
heterogeneous, with a firm granular texture. Fusain often occurs as lenses in coal (rather 
than a uniform band), and is comprised of relatively fibrous material resembling charcoal. 
Fusain can be readily powdered by fingers, and has an associated greasy feel (ICCP, 
1963; Suárez-Ruiz and Crelling, 2008).  The individual components of coal lithotypes are 
called macerals. Maceral assemblages are used to further describe a coal’s microlithotype 
composition, and are the fundamental criterion for coal petrographic studies. 
1.2.2 Maceral Groups 
 Macerals are the microscopic remnants of the original organic matter (largely 
derived from plants) that formed the coal.  These remains have undergone extensive 
modification before, during, and after deposition and can be used to trace not only the 
origin, but also the developmental pathways of the coal (Grady and Eble,1989; Hower 
and Bland, 1989; Eble and Grady, 1990; Helfrich and Hower, 1991; Eble et al., 1994; 
Greb et al., 2002; Hower et al., 2007).There are three primary maceral groups: vitrinite, 
liptinite, and inertinite, all of which are characterized by distinctive microscopic optical 
properties (Ward, 1984; Tyson, 1995; Taylor et al., 1998). In high volatile bituminous 
rank coals, the maceral groups can be distinguished using their reflectance (i.e., 
appearance in reflected light): vitrinites will have a medium grey reflectance; liptinites 
will have a dark grey reflectance; and inertinites will have a pale grey to white 
reflectance (Taylor et al., 1998). In addition to reflectance, macerals can also be 
identified using additional parameters, such as chemical characteristics, morphology, and 
biological affinities. Additional optical properties include the degree of structure in 
preserved plant material, granularity, and particle size (Ward, 1984).  
Vitrinite (telinite, collotelinite, collodetrinite, vitrodetrinite, gelinite, and 
corpogelinite; Figure 1.2) are coalification products of humic plant materials (e.g., lignin 
and cellulose of roots, bark and plant stems; Tyson, 1995; ICCP, 1998; Taylor et al., 
1998; ICCP, 1998). Telinite contains clearly defined cell walls of intact plant tissue with 
a light grey reflectance under the microscope. Collotelinite is homogeneous, with a 
relatively structureless appearance, and has a reflectance similar to that of telinite. 
Collodetrinite occurs as a collection of vitrinite fragments that are each less than 10 µm 
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in size (ICCP, 1998; Taylor et al., 1998). Compared to vitrodetrinite, collodetrinite has a 
higher degree of homogenization, lacks textural continuity, and occurs as a mottled 
vitrinitic ground mass binding other macerals together. Vitrodetrinite is identifiable by 
small, distinct, ungelified vitrinitic fragments that are each less than 10 µm in size and are 
surrounded by non-vitrinitic material (ICCP, 1998; Taylor et al., 1998). Gelinite results 
from humic solutions that diffuse into cracks and other voids as a gel-like material, and is 
homogenous and structureless with a slightly higher reflectance than the other vitrinite 
macerals. Corpogelinite has the same characteristics of gelinite, but the precipitated gel 
fills void spaces in cell walls, forming ovoid bodies (i.e., discrete amorphous bodies 
representing cell infillings; ICCP, 1998; Taylor et al., 1998).  
Liptinite macerals include sporinite, cutinite, resinite, liptodetrinite, exsudatinite, 
and alginite (Figure 1.3). Other liptinites, such as suberinite, chlorophyllinite, bituminite, 
and fluorinite, are not typically found in high volatile rank Pennsylvanian coals. 
Liptinites are not produced from wood or wood-like materials, but from hydrogen-rich 
plant remains. These include leaf cuticles, spores and pollen, algae, resins, and waxes 
(Ward, 1984; Tyson, 1995; Taylor et al., 1998). In high volatile bituminous coals, they 
collectively appear dark brown to black in reflected, white light, and fluoresce strongly in 
UV light with excitation. Sporinite originates from the exterior cell walls (exines) of 
pollen and spores. Cutinite originates from the protective outer walls of a leaf’s epidermis 
(Ward, 1984; Taylor et al., 1998). Resinite is predominately formed from waxes and 
resins derived from plants; however, resinite can also originate from oils and fats (e.g., 
animal fats and vegetable oils). Resinite often occurs as discrete bodies that appear 
rounded, black, and lustrous. Liptodetrinite consist of small liptinite particles that are 
unidentifiable due to their small size (Ward, 1984; Taylor et al., 1998). Exsudatinite is 
generated through secondary processes during the bituminization process (i.e., the 
generation of petroleum-like substances during coalification). Exsudatinite resembles 
resinite in color, but appears as intrusions that fill cracks, fissures, and other void spaces 
(Ward, 1984; Taylor et al., 1998). Alginite is formed from the remains of 
phytoplanktonic and other algal organisms that are characterized by having bright 
fluorescence and shapes similar to that of sporinite, but exhibiting internal structure of 
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varying form due to its colonial or multicellular nature (Mukhopadhyay and Hatcher, 
1993; Taylor et al., 1998). 
Inertinites represent oxidized organic material, either through charring (Scott and 
Jones, 1994), or intense microbial decay (Hower et al., 2011). Inertinites are 
characterized by relatively high carbon content as a result of chemical changes due to the 
oxidative processes of charring, moldering and fungal attacks. The inertinite macerals 
include: fusinite, semifusinite, macrinite, micrinite, funginite, secretinite, and 
inertodetrinite (Figure 1.4; Ward, 1984; Tyson, 1995; Taylor et al., 1998; ICCP, 2001).  
Fusinite and semifusinite are differentiated based on their degree of fusinization (i.e., 
process that produces relatively high carbon and low hydrogen content, such as fires; 
Taylor et al., 1998). Fusinite has high reflectivity, and well-preserved cellular structures. 
Semifusinite is designated as having an intermediate reflectance between fusinite and 
vitrinite, and moderately-preserved structural features (Taylor et al., 1998; ICCP, 2001). 
Macrinite, similar to that of corpogelinite, is structureless and amorphous, but has a 
higher reflectivity, and is typically elongated when viewed perpendicular to bedding.  
Micrinite is comprised of finely-grained inertinitic fragments with inertinite reflectance; 
it is defined by its granularity with an upper size limit of 2 µm (Taylor et al., 1998; ICCP, 
2001). Funginite consists of single-celled or multi-celled fungal structures (e.g., mycelia, 
sclerotia, hyphae, or fungal spores) of high reflectance. Multicellular funginite or fungal 
sclerotia can commonly be identified by rounded masses with internal patterned 
chambers. Secretinite occurs as predominately rounded bodies with equant mass and a 
higher relief compared to macrinite. It also has higher reflectance, and larger size 
compared to the vitrinite maceral, corpogelinite. Inertodetrinite is composed of fine-
grained inertinitic fragments with no recognizable structure that are > 2µm and <10µm in 
size (Taylor et al., 1998; ICCP, 2001). 
1.2.3 Rank 
 Coal rank reflects the degree of metamorphism (i.e., coalification) that original 
botanical debris has been subjected to during its post-depositional history. Temperature 
gradients and pressure are the two major factors affecting metamorphism, where the 
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increase in time, pressure, and heat causes an increase in a coal’s rank (Taylor et al., 
1998; Suárez-Ruiz and Crelling, 2008). As peat matures and the processes of burial and 
alteration continue, the coal is subjected to both physical and chemical changes. Very low 
rank coal, referred to as lignite, progressively alters to subbituminous, bituminous, and, 
ultimately, anthracite rank, as temperatures and pressures increase. During this 
transformation, carbon contents and calorific values progressively increase; moisture and 
volatile matter contents decrease (Taylor et al., 1998; Suárez-Ruiz and Crelling, 2008). 
1.2.4  Grade 
 The grade of coal reflects the extent to which plant debris accumulation has 
remained free of contamination (e.g., mineral matter); this includes periods both before 
and after burial. Grade is generally independent of rank (Taylor et al., 1998; Suárez-Ruiz 
and Crelling, 2008). 
1.3 Geologic Setting 
1.3.1 Paleoenvironment  
 The development of the Appalachian basin was an important component in the 
development of a peat depositional setting and in the peat’s preservation. The 
Appalachian basin (see Figure 1.5) is a foreland basin that resulted from thrusting caused 
by collisional tectonics along eastern North America during the Paleozoic (Tankard, 
1986). Although the formation of the Appalachian basin was impacted by the Middle 
Ordovician Taconic and the Late Devonian Acadian orogenies, the fold and thrust belt of 
the Appalachians evolved from the Pennsylvanian—Permian Alleghenian orogeny.  This 
resulted in periodic basinal subsidence in response to successive thrust-belt loading 
(Tankard, 1986). The changing topographic depressions, as well as the fluctuating water 
levels induced by glacial waxing/waning cycles during the Carboniferous period (Greb et 
al., 2001), became principle controls on peat accumulation and preservation. During 
periods of increased water levels, mires (i.e., wetland environments that accumulate peat) 
developed along the margins of the paleo-continent Pangaea (Figure 1.6; Tankard, 1986). 
The mires were characterized by relatively consistent water cover, anaerobic conditions, 
and limited local detrital influx (Greb et al., 1999). Regional subsidence provided 
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accommodation space for sediment and peat accumulation. Greater subsidence rates in 
the Appalachian Basin resulted in a thicker sediment/coal package than equivalent 
sediments/coals in western Kentucky (Illinois Basin; Tankard 1986). 
1.3.2 Palynology 
Palynological studies conducted on eastern Kentucky coals similar to the 
Leatherwood (e.g., the Fire Clay coal bed) indicate that the middle to late Pennsylvanian 
palynoflora of eastern Kentucky coal consisted of a diverse assemblage of large and 
small lycopsid trees, tree ferns, cordaites, and calamites (Greb et al., 1999; Hower and 
Eble, 2004; Hower et al., 2011). These plants developed primarily in planar, rheotrophic 
mires (i.e., a mire in which peat formation is caused by a high groundwater level) that 
were rich in plant nutrients (Taylor et al., 1998; Greb et al., 1999). The secondary 
depositional environment present during this time include ombrogenous (i.e., dependent 
on the action of rain rather that ground water for its sustainment) domed mires (bog 
forests) with perched water tables.  
Arborescent lycopsids dominated the vegetation during the Middle Pennsylvanian 
due to their ability to exploit low-nutrient coal swamps more effectively than other 
contemporaneous plant types (DiMichele and Phillips, 1985; Eble and Grady, 1990). 
Major lycopsid tree genera include Lepidodendron, Diaphorodendron, and 
Lepidophloios, which were predominately composed of bark instead of woody tissues 
(secondary xylem). They frequently reached heights over 30 meters, and had broad-based 
root systems, called Stigmaria, that spread laterally, rather than deeply, to provide 
support for the trees in wet environments (Figure 1.7; DiMichele and Phillips, 1985; 
Greb et al., 1999). Perhaps most importantly, they had developed a specialized 
megasporangium (Lepidocarpon and Achlamydocarpon) that allowed them to reproduce 
in consistently flooded areas. 
Subarborescent lycopods, attributable to Chaloneria (Endosporites), and 
Omphalophloios (“densospores” - Densosporites, Cristatisporites, and Radiizonates) 
were also elements of Middle Pennsylvanian mire floras, apparently inhabiting “stressed” 
areas of mires that were prohibitive to the establishment and expansion of other flora. 
7
  
Coal layers with abundant “densospores” are almost always associated with high liptinite 
and/or inertinite contents, indicating poor, or at least reduced levels of peat preservation. 
Other plants that were major contributors to peat formation include calamite and 
cordaite trees and ferns (both tree ferns and small forms). Calamites and cordaites were 
medium-sized trees with trunks producing secondary xylem that favored the peripheral 
parts of mires. Middle Pennsylvanian forms attained heights of 3 to 5 meters. Ferns were 
a very diverse group during the Carboniferous, and included small ground-cover, and 
tree-like forms. These plants had the least specialized method of reproduction of all the 
major coal-forming plants, and exhibited herbaceous growth habits (Eble and Grady, 
1990). Marattialean tree ferns had a cosmopolitan distribution during the Pennsylvanian, 
and were adapted to growth and reproduction in a variety of environments, including 
mires. 
1.3.3 Stratigraphy 
The Leatherwood coal bed is located near the middle of the Middle Pennsylvanian 
Four Corners Formation of the Breathitt Group. Breahitt Group strata are characterized 
by sub-graywacke sandstone, gray shale, and gray siltstone layers, as well as 26 major 
coal zones spanning a sequence that is up to 760- meters thick (Rice and Smith, 1980).  
The Leatherwood coal bed is located in the Hazard (also commonly referred to as Prater) 
coal zone found in the Hazard reserve district of Kentucky. This zone is composed of the 
Hazard No. 5A, Hazard No. 6, and the Leatherwood (also called Prater or Adele) coal 































































































Figure 1.2: Photographs of representative vitrinite macerals under oil immersion with 
plane-polarized reflected white-light. (1) telinite; (2) collotelinite and collodetrinite; (3) 
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Figure 1.3: Photographs of representative liptinite macerals under oil immersion with 
plane-polarized reflected white-light. (1) sporinite; (2) cutinite; (3) resinite; (4) 







Figure 1.4: Photographs of representative inertinite macerals under oil immersion with 
plane-polarized reflected white-light. (1) fusinite; (2) semifusinite; (3) macrinite; (4) 







Figure 1.5: The Appalachian Basin extending through eastern Kentucky 


































































































































Figure 1.7: A reconstruction of a typical arborescent lycopsid-dominant 








Figure 1.8: Stratigraphic units of Pennsylvanian rocks in eastern 
Kentucky; the Leatherwood coal bed is designated by the red outline 
overlain by the Peach Orchard coal zone (Figure modified from Rice 







2. SAMPLING AND ANALYTICAL METHODS  
2.1 Sample Collection 
 Samples of the Leatherwood coal were collected from eleven underground mines 
covering five 7.5-minute quadrangles in eastern Kentucky, and were collected as whole 
channels, and as individual lithotypes with the latter most emphasized for this study 
(sample locations shown in Figure 2.1; see Appendix 1 for bench descriptions).  The 
sampled mines include Turkey #1 and Gordon in Letcher County; Leatherwood, H5A-3, 
Simpson #7, and Longfork in Perry County; and the No. 11 mine in Harlan County (see 
Table 2.1 for summary; associated counties and quadrangles show in Figure 2.2). 
Sample numbering is based on the eastern Kentucky reserve districts where the first 
number of the sample coincides with the district number, and all other subsequent 
numbers coincide with the consecutive order of samples obtained by the University of 
Kentucky Center for Applied Energy Research (Figure 2.3). Sampling was conducted 
and completed as a collaborative effort by the UK Center for Applied Energy Research 
(CAER) Applied Petrology Laboratory, Kentucky Geological Survey (KGS), and the 
United States Geological Survey (USGS; photographs of collection efforts are shown in 
Figure 2.4). 
2.2 Sample Preparation 
 All of the coals were prepared as epoxy-bound particulate pellets prior to the start 
of this study. The samples were crushed to -20 mesh, or 850 micron maximum particle 
sizes,  and were split several times to obtain representative samples of approximately 50 
g that were subsequently epoxy-bound. The petrographic pellets were prepared for 
anaylses using a Buehler Ecomet 3000 grinder and polisher with a Buehler Automet 2000 
power head. The pellets were ground using CARBIMET ® Silicon Carbide 240-, 400-, 
and 600- grit abrasive surfaces, and polished using  a TEXMET® Micropolish cloth with 
0.3-µm alumina slurry for a coarse polishing, and an Ultra-Pol™ MASTERPREP® cloth 
with 0.05-µm alumina slurry for final polishing.   
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2.3 Etching Preparation 
Select samples were re-polished and then etched using the methodology of Dr. 
Cortland Eble (personal communication, 2012) in order to show finer details of the wood 
structure of vitrinite macerals under the microscope. Etching was accomplished using an 
acidified saturated solution of potassium permanganate (KMnO4), made by dissolving 10 
g of potassium permanganate (KMnO4) in 100ml of distilled H2O. The solution was 
acidified by adding 20-25ml of concentrated sulfuric acid (H2SO4), creating permanganic 
acid (HMnO4), a powerful oxidizer. Prior to etching, the solution is heated to near 
boiling, and tape is applied to a small section of the surface of the pellet to preserve a 
portion of the original polished surface.  The surface of the pellets is then submerged into 
the etching solution for approximately 20-30 seconds.  Etching strength is determined by 
time where the higher the temperature; the lower the etch time. Once the etching is 
complete, the pellets are rinsed with an acidified solution of sodium sulfite (Na2SO3) to 
remove the MnO2 residue left by the etching solution, and are wiped clean with dilute 
ammonia to remove any remaining surface deposits.  
2.4 Data Collection 
 Maceral percentages were calculated from 500 point counts for each of the 120 
samples using a Leitz Wetzlar microscope with an oil-immersion reflected-light 50x 
objective; each maceral was identified and named using ICCP (International Committee 
for Coal and Organic Petrology) nomenclature.  Digital photographs of representative 




















Tilford Letcher 7-G-78 4477—4488 158.0 
Tilford Letcher 7-G-78 4489—4499 150.0 
Tilford Letcher 7-G-78 4500—4511 191.4 
Leatherwood Perry 20-G-76 4599—4607 167.6 
Nolansburg Harlan 13-F-76 4978—4986 162.0 
Tilford Perry 15-G-78 41035—41041 102.9 
Tilford Perry 19-G-78 41042—41048 105.0 
Tilford Perry 20-G-78 41049—41054 92.0 
Louellen Letcher 4-F-78 41055—41061 132.6 
Louellen Letcher 10-E-77 6468—6476 150.0 
Benham Harlan 20-F-79 6477—6485 114.0 
Table 2.1: Sampled mines with associated quadrangle, county, 
























Figure 2.1: Field map of sample locations in eastern Kentucky with 














































Figure 2.2: Locations of Kentucky counties and associated 7.5 minute quadrangles 
(outlined in red) using the Carter Coordinate system (modified from Haney, 1981). 
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Figure 2.4: Photographs of the Leatherwood sample collection (Photographs courtesy of 












3. RESULTS  
3.1 Quantitative Results 
 Petrographic analyses indicate that the coal samples have relatively high liptinite 
and varying inertinite content, along with very low amounts of mineral matter. These 
coals are high volatile A bituminous in rank (vitrinite reflectance data for the study are 
shown in Table 3.1), and consist predominately of alternating clarain and durain 
lithotypes. Vitrinite, mainly in the form of collotelinite, generally is the most dominant 
maceral group. Inertinite assemblages or mineral matter exceed the vitrinite volume in 
select benches. Geochemical data reveal low sulfur contents and low ash yields in the 
majority of the benches. Ancillary palynological data shows that palynomorph 
assemblages are dominated by tree fern and lycopsid tree spores, with limited amounts of 
small lycopsid tree, small fern, and calamite spores, and cordaite pollen. 
3.1.1 Coal Series 4477—4488  
 The coal series 4477—4488 contains large percentages of vitrinite with lesser 
amounts of inertinite and liptinite macerals, and minimal mineral matter (Figure 3.1). 
Vitrinite macerals have an average value of 60.0% (max: 81.4%, min: 42.6%) in all 
benches. Inertinite macerals have an average value of 27.5% (max: 44.4%, min: 9.0%); 
liptinite macerals and mineral matter account for less than 20.0% of the total counted 
volume. Collotelinite is the most abundant vitrinite maceral, with a secondary abundance 
of collodetrinite. Telinite, vitrodetrinite, gelinite, and corpogelinite occur in minimal 
amounts, or are absent in most benches (Figure 3.2).  
 The total amount of any individual inertinite maceral in each bench is less than 
12.0% and often less than 7.0%. Macrinite and fusinite are the most abundant inertinite 
macerals; however, there are also considerable amounts of semifusinite and 
inertodetrinite. Micrinite and secretinite are found in minimal amounts, and funginite 
does not occur in this series (Figure 3.3). 
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Liptinite macerals are present in small quantities, less than 11% total volume in 
most benches. The dominant liptinite maceral is sporinite; minor amounts of cutinite, 
resinite, and liptodetrinite are also present. There are two occurrences of alginite in 
benches 4484 and 4488, and rare occurrences of exsudatinite. Suberinite is not present in 
this, or any other series in this study (Figure 3.4). Mineral matter is a minor constituent, 
and is present in quantities less than 5.0% in most benches. Sulfide (predominately in the 
form of pyrite) and clay minerals are the most abundant mineral forms, with minor 
amounts of quartz and carbonates (predominately in the form of siderite; Figure 3.5). 
 This series contains low sulfur content and low ash yield in most benches. The 
average sulfur content is 0.60 wt.%, and the average ash yield is 10.10 wt.% . Bench 
4481 has a higher sulfur content with sulfur exceeding 1.0 wt.%, and benches 4478, 
4481, and 4488 contain high ash yields, falling in the range of 15-25 wt.% ash (Figure 
3.6). 
 Palynological data for this coal series are not available. 
3.1.2 Coal Series 4489—4499 
 The coal series 4489—4499 contains large percentages of vitrinite macerals with 
lesser amounts of inertinite and liptinite macerals, and minimal mineral matter (Figure 
3.7). Vitrinite averages 59.0% (max: 78.8%, min: 36.8%) in this column. Inertinite 
averages 27.3% (max: 45.6%, min: 7.6%), and liptinite macerals and mineral matter 
account for less than 18% of the total volume. Collotelinite is the most abundant vitrinite 
maceral, with a secondary abundance of collodetrinite. Telinite, vitrodetrinite, gelinite, 
and corpogelinite occur in minimal amounts, or are absent in most benches (Figure 3.8). 
The total amount of any individual inertinite maceral in each bench is less than 
15.0% and often less than 10.0%. Fusinite, semifusinite, and inertodetrinite are the most 
abundant inertinite macerals; however, there is also considerable amount of micrinite in 
select benches. Macrinite and secretinite are found in minimal amounts, and funginite 
does not occur in this series (Figure 3.9). 
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Liptinite macerals are present in small quantities, less than 15.0% total volume in 
most benches. The dominant liptinite is sporinite with minor amounts of cutinite, resinite, 
and liptodetrinite. There is one occurrence of alginite in bench 4491, and rare occurrences 
of exsudatinite (Figure 3.10). Mineral matter is a minor constituent, and is present in 
quantities less than 5.0% in most benches. Silicate minerals are the most abundant with 
minor amounts of quartz, sulfides, and carbonates (Figure 3.11).  
Most of the benches in this series contain low sulfur contents and low ash yields. 
The average sulfur content is 0.57 wt.%, and the average ash yield is 7.80 wt.% among 
all benches. Bench 4490 is high in ash yield (22.06 wt.%, Figure 3.12). 
 Palynological data for this coal series are not available. 
3.1.3 Coal Series 4500—4511 
 The coal series 4500—4511 contains large percentages of vitrinite with lesser 
amounts of inertinite and liptinite macerals, and minimal mineral matter (Figure 3.13). 
Exceptions include bench 4501, where mineral matter exceeds both inertinite and liptinite 
content, and bench 4503, where the inertinite content exceeds vitrinite in total volume.  
Vitrinite averages 55.0% (max: 81.2%, min: 21.6%) in all benches with the exception of 
bench 4503 where vitrinite macerals account for 21.6% of the total counted volume. 
Inertinite averages 26.5% (max: 49.2%, min: 4.0%), and liptinite macerals and mineral 
matter account for less than 20.0% of the total counted volume, excluding bench 4501. 
Collotelinite is the most abundant vitrinite maceral, with a secondary abundance of 
collodetrinite. Telinite, vitrodetrinite, gelinite, and corpogelinite occur in minimal 
amounts, or are absent in most benches (Figure 3.14).  
 The total amount of any individual inertinite maceral in each bench is less than 
22.0% and often less than 10%. However, in bench 4501, inertinites account for less than 
2.0% of the total volume counted. Fusinite, semifusinite, and inertodetrinite are the most 
abundant inertinite macerals in this series. Macrinite, micrinite, and secretinite are found 
in minimal amounts. Funginite does not occur in this series (Figure 3.15).  
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Liptinite macerals are present in small quantities, less than 12.0% total volume in 
most benches. The dominant liptinite is sporinite with minor amounts of cutinite and 
resinite. There is one occurrence of alginite in bench 4508, and rare occurrences of 
exsudatinite and liptodetrinite (Figure 3.16). Mineral matter is a minor constituent, and is 
present in quantities less than 5.0% in most benches with the exception of bench 4501 
where silicate minerals reach 24.6% total volume. Silicate minerals are the most abundant 
with minor amounts of quartz, sulfides, and carbonates (Figure 3.17). 
Most of the benches in this series contain low sulfur contents and high ash yields. 
The average sulfur content is 0.89 wt.%, and the average ash yield is 16.49 wt.%. The top 
two benches of the series are high in sulfur content at 2.5 wt.%. Benches 4501 and 4503, 
also located at the top of the series, have high ash yield, reaching 60.57 wt.% and 47.29 
wt.%, respectively (Figure 3.18).  
 Palynological data for this coal series are not available. 
3.1.4 Coal Series 4599—4607 
 The coal series 4599—4607 contains large percentages of vitrinite with lesser 
amounts of inertinite and liptinite macerals, and minimal mineral matter (Figure 3.19). 
Exceptions include bench 4603 and 4605, where inertinite exceeds vitrinite in total 
volume.  Vitrinite averages 60.0% (max: 80.4%, min: 52.0%) in this series. Inertinite 
averages 27.3% (max: 50.6%, min: 11.0%), and liptinite macerals and mineral matter 
account for less than 18.0% of the total counted volume. Collotelinite is the most 
abundant vitrinite maceral, with a secondary abundance of collodetrinite. Telinite, 
vitrodetrinite, gelinite, and corpogelinite occur in minimal amounts, or are absent in most 
benches (Figure 3.20).  
 The total amount of any individual inertinite maceral in each bench is 
predominately less than 10.0%. However, in bench 4501, semifusinite accounts for 
20.6% of the total volume counted. Semifusinite is the most abundant inertinite maceral 
in the series, with macrinite, micrinite, fusinite, and inertodetrinite occurring in 
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considerable amounts. Secretinite is found in minimal amounts, and funginite does not 
occur in this series (Figure 3.21).  
Liptinite is present in moderate quantities, less than 17% total volume in most 
benches. The dominant liptinite maceral is sporinite with minor amounts of cutinite and 
resinite. There are no occurrences of liptodetrinite, exsudatinite, and alginite (Figure 
3.22). Mineral matter, comprised of silicate, quartz, and carbonate minerals (Figure 
3.23), is a minor constituent, and is present in quantities less than 2.0% of the total 
volume.  
Most benches in this series contain low sulfur contents and low ash yields. The 
average sulfur content is 0.68 wt.%, and the average ash yield is 5.46 wt.% among all 
benches. No benches exceed 1.0 wt.% sulfur content or 10.0 wt.% ash yield (Figure 
3.24). 
 Palynological data for this coal series are not available. 
3.1.5 Coal Series 4978—4986 
 The coal series 4978—4986 contains large percentages of vitrinite with lesser 
amounts of inertinite and liptinite, and minimal mineral matter (Figure 3.25). Exceptions 
include bench 4985, where inertinite exceeds vitrinite in total volume.  Vitrinite averages 
62.0% (max: 76.0%, min: 26.6%). Inertinite averages 23.0% (max: 55.0%, min: 11.0%), 
and liptinite and mineral matter account for less than 18.0% of the total volume. 
Collotelinite is the most abundant vitrinite maceral, with a secondary abundance of 
collodetrinite. Telinite, vitrodetrinite, gelinite, and corpogelinite occur in minimal 
amounts, or are absent in most benches (Figure 3.26).  
 The total amount of any individual inertinite maceral in each bench is less than 
10.0%. However, in bench 4501, semifusinite accounts for 17.8% and inertodetrinite 
accounts for 12.4% of the total volume counted. Fusinite, semifusinite, and inertodetrinite 
are the most abundant inertinite macerals in this series, with minor amounts of macrinite 
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and micrinite.  Secretinite is found in minimal amounts, and there is one occurrence of 
funginite in bench 4981 (Figure 3.27).  
Liptinite is present in small quantities, less than 16.0% total volume in most 
benches. The dominant liptinite is sporinite with minor amounts of cutinite, resinite, and 
liptodetrinite. There are two occurrences of alginite in benches 4979 and 4985, and rare 
occurrences of exsudatinite (Figure 3.28). Mineral matter is a minor constituent, and is 
present in quantities less than 5.0%, where sulfide and silicate minerals are the most 
abundant with minor amounts of quartz (Figure 3.29). 
This series contains low ash yields and low sulfur content in most benches. The 
average sulfur content is 1.11 wt.%, and the average ash yield is 7.34 wt.%. Benches 
4983, 4984, and 4986 have high sulfur contents falling in the range of 1.5-2.5 wt% sulfur, 
and benches 4981 and 4986 contain moderate ash yields falling in the range of 12-20 
wt% ash (Figure 3.30). 
 Palynological data for this coal series are not available. 
3.1.6 Coal Series 41035—41041 
 The coal series 41035—41041 contains moderate percentages of vitrinite with 
lesser amounts of inertinite and liptinite, and minimal mineral matter (Figure 3.31). 
Exceptions include bench 41035, where liptinite exceeds inertinite in total volume, and 
bench 41039 where the inertinites exceed the vitrinites in total volume.  Vitrinite 
averages 44.0% (max: 62.4%, min: 37.4%) in this series. Inertinite averages 24.0% (max: 
40.6%, min: 19.4%) in all benches, with the exception of bench 41039 where inertinite 
accounts for 40.6% of the total counted volume. Liptinite macerals and mineral matter 
account for less than 22.0% of the total counted volume. Collotelinite is the most 
abundant vitrinite maceral, with a sub-dominance of collodetrinite in this series. An 
exception is bench 41035, where collodetrinite is the dominant maceral (30.4% volume). 
Telinite, vitrodetrinite, gelinite, and corpogelinite occur in minimal amounts, or are 
absent in most benches (Figure 3.32).  
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 The total amount of any individual inertinite maceral in each bench is less than 
16.0% and often less than 5.0%. Bench 41039 has larger amounts of inertinite due to 
increased occurrences of semifusinite, inertodetrinite, and macrinite. Fusinite, 
semifusinite, and inertodetrinite are the most abundant inertinite macerals in this series. 
Macrinite, micrinite, and secretinite are found in minimal amounts, and funginite does 
not occur in this series (Figure 3.33).  
Liptinite is present in small quantities, less than 16% total volume in most benches. 
However, bench 41035 contains 36.2% liptinite due to increased sporinite, resinite, and 
liptodetrinite occurrence. The dominant liptinites in this series are sporinite and resinite, 
with minor amounts of cutinite and liptodetrinite. There are two occurrences of alginite in 
benches 41038 and 41040, and rare occurrences of exsudatinite (Figure 3.34). Mineral 
matter is a minor constituent, and is present in quantities less than 3.0% with occurrences 
of silicate, quartz, sulfide, and carbonate minerals (Figure 3.35). 
Most of the benches in this series contain low sulfur content and low ash yields. 
The average sulfur content is 0.52 wt.%, and the average ash yield is 13.16 wt.%. All 
benches remain under 10% ash, with the exception of bench 41035 located at the very top 
of the series, reaching 53.5 wt.% ash yield (Figure 3.36). 
 This series is characterized by a dominance of tree fern spores with the exception 
of bench 41040 where lycopsid tree spores exceed tree fern spore percentages.  The total 
amount of all other palynological groups (small lycopsids, small ferns, calamites, and 
cordaites) in each bench is less than 10.0% except for small lycopsid spores in bench 
41036 that reaches 21.6% (Figure 3.37). 
3.1.7 Coal Series 41042—41048 
 The coal series 41042—41048 contains moderate percentages of vitrinite and 
higher percentages of inertinite with lesser amounts of liptinite, and minimal mineral 
matter (Figure 3.38).  Vitrinite averages 36.0% (max: 53.8%, min: 23.6%). Inertinite 
averages 31.3% (max: 47.4%, min: 30.0%), and liptinite and mineral matter account for 
less than 20.0% of the total volume. Bench 41044 is an exception, where liptinite 
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comprises 28.2% of the total volume. Collotelinite is the most abundant vitrinite maceral, 
with a secondary abundance of collodetrinite. Telinite, vitrodetrinite, gelinite, and 
corpogelinite occur in minimal amounts, or are absent in most benches (Figure 3.39).  
 The dominant inertinite maceral in the series is inertodetrinite, reaching up to 
26.6% of the total volume. However, semifusinite and fusinite also occur in significant 
quantities in each bench. Macrinite, micrinite, and secretinite are present in minor 
quantities, and there are no occurrences of funginite (Figure 3.40). 
Liptinite is present in relatively large quantities, greater than 16% total volume in 
most benches. Bench 41044 has heightened percentages of liptinite due to increased 
resinite. The dominant liptinite macerals are sporinite and resinite with minor amounts of 
liptodetrinite. Alginite is present in four benches (41042, 41044, 41046, and 41047) with 
rare occurrences of cutinite (Figure 3.41). Mineral matter is a minor constituent, and is 
present in quantities less than 2.0% in most benches with small amounts of silicate, 
quartz, sulfide, and carbonate minerals. Bench 41042 is an exception where pyrite 
percentages reach 7.0% of the total volume (Figure 3.42).  
The majority of the benches in this series contain low sulfur contents and low ash 
yields. The average sulfur content is 0.81 wt.%, and the average ash yield is 5.95 wt.% 
among all benches. Bench 41042, located at the top of the series, is a high sulfur bench 
that reaches 2.28 wt.% sulfur content located at the top of the series (Figure 3.43). 
This series is characterized by a dominance of tree fern spores, accounting for 
60.0-80.0% of the total palynoflora.  The total amount of all other individual major 
palynological groups in each bench is less than 15.0% and often less than 10.0% except 
for lycopsid tree spores in bench 41048 that reaches 26.0%. Lycopsid tree spore 
occurrences gradually decrease from 26.0% to 0.8% ascending from the base in the 
bottom five benches (Figure 3.44). 
3.1.8 Coal Series 41049—41054 
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 The coal series 41049—41054 has high percentages of vitrinite and inertinite with 
lesser amounts of liptinite, and minimal mineral matter (Figure 3.45). Vitrinite averages 
48.0% (max: 55.6%, min: 42.6%). Inertinite averages 34.0% (max: 48.8%, min: 25.0%), 
and liptinite and mineral matter account for less than 20.0% of the total counted volume. 
Collotelinite is the most abundant vitrinite maceral, with a secondary abundance of 
collodetrinite. Telinite, vitrodetrinite, gelinite, and corpogelinite occur in minimal 
amounts, or are absent in most benches (Figure 3.46).  
 The inertinite macerals average composition is 34% (max: 48.8%, min: 25%) of 
the bulk maceral content of each bench.  Semifusinite and inertodetrinite are the most 
abundant with the exception of bench 41054 where fusinite is the most abundant. Bench 
41049 has inertinites exceeding vitrinite in total volume by 16.0%. Macrinite, micrinite, 
fusinite, and secretinite are found in smaller quantities. There are no occurrences of 
funginite in this coal series (Figure 3.47). 
Liptinite and mineral matter constitute the remaining fractions and are found in 
combined quantities 11.0-23.0% volume in each bench. Sporinite is the dominant liptinite 
maceral with a secondary abundance of resinite. There are minor amounts of cutinite and 
liptodetrinite with rare occurrences of exsudatinite. There is one occurrence of alginite in 
bench 41050 (Figure 3.48). Mineral matter constitutes less than 1.0% of the total bulk 
volume of each bench with sulfide, silicate, and carbonate occurrences (Figure 3.49).  
This series contains low sulfur content and low ash yield in all benches. The 
average sulfur content is 0.48 wt.%, and the average ash yield is 4.31 wt.% among all 
benches. No benches exceed 0.7 wt.% sulfur or 7.0 wt.% ash yield (Figure 3.50). 
This series is characterized by a dominance of tree fern and lycopsid tree spores in 
the bottom lying two benches (41053 and 41054), and a dominance of tree fern spores in 
the remaining over-lying benches. All other major palynological groups occur in minor 
amounts that do not exceed 10.0% of all counted spores (Figure 3.51). 
3.1.9 Coal Series 41055—41061 
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 The coal series 41055—41061 contains large percentages of vitrinite with lesser 
amounts of inertinite and liptinite, and minimal mineral matter (Figure 3.52). Vitrinite 
averages 57.5% (max: 69.8%, min: 41.8%). The vitrinite composition is dominated by 
collotelinite, with a secondary abundance of collodetrinite. Telinite, vitrodetrinite, 
gelinite, and corpogelinite are found in minor quantities, or are absent in most benches 
(Figure 3.53).  
 Inertinite content averages 26.6% (max: 40.6%, min: 18.2%). The inertinite 
composition is predominately fusinite, semifusinite, and inertodetrinite, with smaller 
quantities of macrinite, micrinite, and secretinite.  One occurrence of funginite is found in 
bench 41057 (Figure 3.54). 
Liptinite and mineral matter represent small percentages of the total coal 
composition, comprising 20.0% or less in most benches. The dominant liptinite is 
sporinite, with minor amounts of cutinite, resinite, and liptodetrinite. There is one 
occurrence of alginite in bench 41055, and rare occurrences of exsudatinite (Figure 
3.55).  Mineral matter, in the form of sulfide, carbonate, and silicate occurrences (Figure 
3.56), is a minor constituent, and is present in quantities less than 1.0% of the total 
volume.  
This series contains low sulfur content and low ash yield in all benches. The 
average sulfur content is 0.49 wt.%, and the average ash yield is 3.96 wt.%, where sulfur 
values do not exceed 0.6 wt.%, and ash yields do not exceed 6 wt.% (Figure 3.57). 
 This series is characterized by a dominance of tree fern spores with the exceptions 
of benches 41055 and 41061, the top and bottom benches, respectively. A distinct pattern 
in the tree fern composition is evident throughout the series, moving through the section 
from bottom to top. Tree fern spores gradually increase, ascending from the bottom 
bench (41061) up until bench 41059 from 34.4% to 88.0% in total volume of spores. This 
increase followed by an immediate decrease in tree ferns ascending to the top bench 
(41055) from 88.0% to 31.6%. The change in tree fern spore occurrences is directly 
related to the changes found in the lycopsid tree spore abundance. As the tree fern spore 
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composition decreases, the occurrence of lycopsid tree spores increases, and vice versa. 
Lycopsid tree spores decrease from 42.0% to 0.4% from benches 41061 to41059, and 
increases ascending to the top of the series to 47.2% at bench 41055. All other major 
palynological groups occur in minor amounts that do not exceed 10.0% of the total spore 
volume (Figure 3.58). 
3.1.10 Coal Series 6468—6476 
 The coal series 6468—6476 contains large percentages of vitrinite with lesser 
amounts of inertinite and liptinite, and minimal mineral matter (Figure 3.59). Exceptions 
include benches 6472, 6475, and 6476, where the mineral matter exceeds inertinite and 
liptinite in total volume; benches 6472 and 6475 also exceed vitrinite in total volume. 
These benches constitute the bottom lying benches in the series. Vitrinite averages 58.0% 
(max: 80.0%, min: 19.4%) in all benches, with the exception of bench 6472, where 
vitrinite only reaches 19.4% in total volume due to the dominance of mineral matter. 
Inertinite averages 12.0% (max: 30.0%, min: 0.6%), and liptinite and mineral matter 
account for less than 20.0% of the total counted volume in most benches. Exceptions to 
this are benches 6472, 6475, and 6476, where mineral matter is the most abundant 
constituent. Collotelinite is the most abundant vitrinite maceral, with a secondary 
abundance of collodetrinite, Bench 6472 is an exception, where vitrodetrinite is the 
dominant maceral. Telinite, vitrodetrinite, gelinite, and corpogelinite occur in minimal 
amounts, or are absent in most benches (Figure 3.60).  
 The total amount of any individual inertinite maceral in each bench is less than 
10% and often less than 5.0%. Bench 6472 has smaller amounts of inertinites due to 
increased occurrences of mineral matter where the inertinites only reach 0.6% in total 
volume. Inertodetrinite and fusinite are the most abundant inertinite macerals, with a 
secondary abundance of semifusinite. Macrinite, micrinite, and secretinite are found in 
minimal amounts, and funginite does not occur in this series (Figure 3.61).  
Liptinite is present in small quantities, less than 15.0% total volume in most 
benches. The dominant liptinite maceral is sporinite with minor amounts of cutinite, 
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liptodetrinite, and resinite. Alginite is present in all benches, except for 6475 and 6476; 
these benches deviate from the standard pattern of rare alginite occurrences found in the 
other benches in this coal series. There are no occurrences of exsudatinite (Figure 3.62). 
Mineral matter, in the form of silicate, quartz, sulfide, and carbonate minerals, is a minor 
constituent, and is present in quantities less than 2.0% in most benches. Benches 6472, 
6475, and 6476 represent exceptions, and have silicate minerals (in the form of clay) as 
the most abundant mineral, and in bench 6472, the clay is the most abundant constituent 
in total volume (Figure 3.63). 
Most of the benches in this series contain low sulfur contents and high ash yields. 
The average sulfur content is 0.58 wt.%,and the average ash yield is 34.77 wt.%. Benches 
6468, 6470, 6472, 6475, and 6476 are high ash benches falling the range of 14-90 wt.% 
ash yield (Figure 3.64). 
 This series is characterized by a dominance of lycopsid tree spores reaching up to 
92.4% of the total spore volume. All other major palynological groups occur in minor 
amounts that do not exceed 10.0% with the exception of benches 6469 and 6473 where 
tree fern spores occur in the range of 26-34% (Figure 3.65). 
3.1.11 Coal Series 6477—6485 
 Coal series 6477—6485 contains large percentages of vitrinite with lesser 
amounts of inertinite and liptinite, and minimal mineral matter (Figure 3.66). Exceptions 
include benches 6477 and 6478, where the mineral matter exceeds the inertinite and 
liptinite in total volume; bench 6478 also exceeds vitrinite in total volume. These benches 
constitute the top lying benches in the series. Vitrinite averages 50.0% (max: 58.6%, min: 
28.4%) in all benches with the exception of bench 6478, where vitrinite only reaches 
28.4% in total volume due to the dominance of mineral matter. Inertinite averages 21.0% 
(max: 35.6%, min: 0%), and liptinite and mineral matter account for less than 25.0% of 
the total counted volume in most of the benches in this series. Exceptions are benches 
6477 and 6478 where mineral matter is the most abundant constituent. Collotelinite and 
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collodetrinite are the most abundant vitrinite macerals. Telinite, vitrodetrinite, gelinite, 
and corpogelinite occur in minimal amounts, or are absent in most benches (Figure 3.67).  
 The total amount of any individual inertinite maceral in each bench is less than 
15% and often less than 5.0%. Bench 6478 has no occurrences of inertinites, and fusinite, 
semifusinite, inertodetrinite, and macrinite are the major inertinite consitutents.  Micrinite 
and secretinite are found in minimal amounts. Funginite does not occur in this series 
(Figure 3.68).  
Liptinite is present in small quantities, less than 15.0% total volume in most 
benches. The dominant liptinite maceral is sporinite and resinite, with minor amounts of 
cutinite and liptodetrinite. Alginite occurs in benches 6479, 6480, 6482, and 6483, 
deviating from the standard rare alginite occurrences found in most of the other coal 
series, but similar to the pattern found in the 6468—6477 series. There are only rare 
occurrences of exsudatinite present in the series (Figure 3.69). Mineral matter, in the 
form of silicate, sulfide, and carbonate minerals, is a minor constituent, and is present in 
quantities less than 10.0%. Benches 6477 and 6478 contain large amounts silicate 
minerals (in the form of clay) falling in the range of 30.0-60.0% in total volume. Silicate 
minerals are the most abundant constituent in bench 6478 (Figure 3.70). 
This series contains low sulfur contents and high ash yields in the majority of the 
benches. The average sulfur content is 0.86 wt.% and the average ash yield is 21.53 
wt.%. Benches 6479 and 6480 have 1-2 wt.% sulfur content. Most benches do not have 
high ash levels, with the exception of bench 6478 with 86.32 wt.% ash yield (Figure 
3.71). 
This series is characterized by an overall transitional dominance of tree fern spores 
at the bottom of the series, into a dominance of lycopsid tree spores at the top of the 
series. Tree fern spores gradually increase in abundance from 36% in the bottom bench 
(6485) to 54.0% in bench 6482. This increase in tree fern spore abundance is mirrored by 
a decrease in lycopsid tree spores from 29.2% to 6.4%. Continuing upward in the series, 
tree fern spores decrease in abundance to bench 6478 from 54.0% to 4.8%. The decrease 
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in tree fern spore abundance is, again, directly related to lycopsid tree spore abundance, 
which increases from 6.4% to 60.4%. The top bench (6477) is dominated by both 
lycopsid tree and tree fern spores, each within the range of 30.0-33.0%. All other major 
palynological groups occur in minor amounts, not exceeding 10.0% of the total spore 
volume (Figure 3.72; maceral, mineral matter, and palynomorph images are shown in 
Figures 3.73-3.90). 
3.2 Qualitative Results 
Correlation analysis using Pearson Product Moment correlation coefficients was 
used in measuring the degree of linear association between maceral, mineral, sulfur 
content, and ash yield, to determine statistical significance among parameters (Taylor, 
1990; see Appendix D for correlation coefficient analysis results). The vitrinite fraction 
was also analyzed using telovitrinite (i.e. telinite and collotelinite), gelovitrinite (i.e. 
gelinite and corpogelinite), and detrovitrinite (i.e. vitrodetrinite and collodetrinite) 
maceral percentages in each bench for all series. Determining the vitrinite fraction is an 
indicator of the relative level of vitrinite preservation compared to the destruction of 
vitrinite which produces detrovitrinite and gelovitrinite. The three maceral subgroups 
were used as indicators of the relative level of vitrinite preservation, with telovitrinite 
indicating relatively good preservation of plant material, detrovitrinite and gelovitrinite 
indicating poorer preservation. 
Correlation coefficient analysis for the entire data set shows that there is a general 
negative correlation between vitrinite and inertinite macerals. When examining specific 
macerals, increased amounts of collotelinite correspond to decreased amounts of 
collodetrinite. A positive correlation exists between telovitrinite and gelovitrinite. Higher 
sporinite content is associated with increased amounts of collotelinite, while other 
liptinite macerals correlated positively with collodetrinite and inertodetrinite contents.  
There is a general positive correlation between degraded vitrinite macerals 
(detrovitrinite: vitrodetrinite and collodetrinite) and inertodetrinite. Degraded macerals, 
as well as ash yield,  are higher with increases in mineral matter, specifically in the form 
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of clay. Vitrinite with visible cell structures (telinite) is more abundant in benches with 
decreased inertinite content. Occurrences of alginite are typically associated with benches 
with increased amounts of vitrodetrinite, and the few occurrences of funginite were found 
in benches with elevated levels of macrinite, and inertinite in general. As overall 
intertinite and liptinite increases, there is a direct decrease in ash content, and high 
collotelinite content tends to be associated with increased sulfur content. Conversely, 
high silicate content in the form of clay is associated with low-sulfur, high-ash coals. 
Benches with larger amounts of inertinie and liptinite, are typically associated 
with spore populations dominated with tree fern spores. Series 6468—6476 and 6477—
6485 where lycopsid tree spores are the dominant spore group have larger vitrinite 
content. As inertinite and liptinite content increases, the occurrences of tree fern and 
small lycopsids spores increase in most benches. The presence of higher mineral matter 
content is associated with a less taxonomically diverse spore population, as well as 
decreased sporinite occurrences. 
Additionally, calculated vitrinite fractions indicate moderate to high vitrinite 
preservation for the entire data series, but telovitrinite abundance is generally greater in 
benches with small inertinie and liptinite content. 
3.2.1 Coal Series 4477—4488  
Calculated vitrinite fractions for series 4477—4488 indicate moderate to high 
vitrinite preservation (Table 3.2), and correlation analysis indicates a negative correlation 
between vitrinite and inertinite macerals. Specifically, as collotelinite abundance 
increases, there is a decrease in fusinite, semifusinite, and inertodetrinite. A positive 
correlation exists between collodetrinite and inertodetrinite with sporinite, and 
vitrodetrinite with alginite. Another positive correlation is present between vitrodetrinite 
and mineral matter, as vitrodetrinite increases, so does the silicate and ash content. 
Generally, as overall vitrinite content increases, there is a direct decrease in ash yield. 
3.2.2 Coal Series 4489—4499 
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Calculated vitrinite fractions for series 4489—4499 indicate moderate to high 
levels of vitrinite preservation (Table 3.3), and correlation analysis indicates a negative 
correlation between vitrinite and inertinite macerals. Specifically, as collotelinite 
occurrences increase, there is a simultaneous decrease in fusinite, semifusinite, and 
inertodetrinite. There is also a negative correlation between collotelinite and 
collodetrinite. A positive correlation exists between telinite and the gelified vitrinite 
macerals; preservation in plant structure is associated with the corpogelinite found in the 
structures void spaces. Positive correlations also exist between collodetrinite and alginite, 
collodetrinite and liptodetrinite, and macrinite and sporinite. Results also indicate that 
high sulfur and ash content is associated with higher vitrodetrinite content.  
3.2.3 Coal Series 4500—4511 
Calculated vitrinite fractions for series 4500—4511 indicate moderate to high 
levels of vitrinite preservation (Table 3.4), and correlation analysis indicates a negative 
correlation between vitrinite and inertinite macerals. Specifically, as collotelinite 
occurrences increase, there is a simultaneous decrease in inertodetrinite and fusinite. 
There is also a negative correlation between vitrodetrinite with collodetrinite and 
sporinite where an increase in vitrodetrinite results in a simultaneous decrease in 
collodetrinite and sporinite occurrences. A positive correlation exists between 
collodetrinite with sporinite and resinite. Positive correlations also exist between 
vitrodetrinite and mineral matter. A decrease in vitrodetrinite is associated higher 
amounts of sulfide, carbonate, and silicate content, along with a simultaneous increase in 
sulfur and ash content. An increase in silicate content in the form of clay also results in 
higher ash content, as is exemplified in bench 4501. 
3.2.4 Coal Series 4599—4607 
Calculated vitrinite fractions for series 4599—4607 indicate moderate to high 
levels of vitrinite preservation (Table 3.5), and correlation analysis shows a dominant 
negative correlation between vitrinite and inertinite macerals. As collotelinite occurrences 
decrease, there is an associated increase in fusinite, semifusinite, and inertodetrinite. A 
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negative correlation also exists between collotelinite and sporinite. A positive correlation 
also exists between inertodetrinite and sporinite. Benches with larger amounts of 
micrinite also have increased amounts of pyrite and sulfur. 
3.2.5 Coal Series 4978—4986 
Calculated vitrinite fractions for series 4978—4986 indicate moderate to high 
levels of vitrinite preservation (Table 3.6), and correlation analysis shows negative 
correlations between vitrinite and inertinite macerals with liptinite macerals. Specifically, 
as collotelinite and vitrodetrinite occurrences decrease, there is a simultaneous increase in 
alginite and sporinite, respectively. There is also significant increase in semifusinite as 
collotelinite content decreases, as is exemplified in bench 4985. Positive correlations 
exist between collodetrinite with sporinite and resinite. Positive correlations also exist 
between vitrodetrinite with corpogelinite, micrinite, and sulfur and ash content. Results 
also show that an increase in inertodetrinite is associated with high sporinite and alginite 
occurrences.  
3.2.6 Coal Series 41035—41041 
Calculated vitrinite fractions for series 41035—41041 indicate moderate to high 
levels of vitrinite preservation (Table 3.7), and correlation analysis shows general 
negative correlations between vitrinite and inertinite macerals. Negative and positive 
correlations also exist between the vitrinite and liptinite macerals. Specifically, as 
collotelinite occurrences decrease, there is an increase in liptinite macerals, including 
resinite and liptodetrinite. A positive correlation exists between collodetrinite and the 
liptinite macerals, where an increase in collodetrinite is associated with an increase in 
resinite and liptodetrinite. Positive correlations also exist between vitrodetrinite with 
mineral matter. An increase in vitrodetrinite is related to larger amounts of silicate and 
ash found in the benches.  
Benches with increased amounts of collotelinite, and vitrinite macerals in general, 
are typically associated with spore populations dominated with tree fern spores. As 
inertinite content increases, the occurrences of tree fern decrease in most benches, as 
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exemplified in benches 41040 and 41041.  The increase in small lycopsid spores is 
associated with heightened amounts of inertinite, as is exemplified in bench 41036. 
3.2.7 Coal Series 41042—41048 
Calculated vitrinite fractions for series 41042—41048 indicate moderate to high 
vitrinite preservation (Table 3.8), and correlation analysis shows general negative 
correlations between vitrinite and inertinite macerals; however, larger amounts of 
collotelinite and collodetrinite are associated with larger amounts of fusinite and 
inertodetrinite, respectively. A positive correlation exists between vitrodetrinite with the 
liptinite macerals including resinite, alginite, and liptodetrinite. Conversely, a negative 
correlation exists between collotelinite and the same liptinite macerals. An increase in 
liptinite content, as well as high inertodetrinite content, corresponds to an increase in 
macrinite occurrences. Larger inertodetrinite amounts are associated with increased 
amounts of collodetrinite, corresponding to a simultaneous decrease in sporinite.  
Additionally, benches rich in mineral matter, specifically in the form of clay, have 
a decrease of sporinite content as exemplified in bench 41042. High tree fern spore 
content is present in all benches independent of vitrinite or inertinite dominance. 
However, larger inertinite content corresponds to heightened small lycopsid assemblages, 
as is exemplified in benches 41043, 41044, and 41046. 
3.2.8 Coal Series 41049—41054 
Calculated vitrinite fractions for series 41049—41054 indicate moderate to high 
levels of vitrinite preservation (Table 3.9), and correlation analysis shows general 
negative correlations between vitrinite and inertinite macerals; an increase in collotelinite 
is associated with a decrease in semifusinite, macrinite, secretinite, and inertodetrinite. 
High collotelinite content is also associated with decreased amounts of vitrodetrinite and 
collodetrinite. Positive correlations exist between vitrodetrinite with macrinite, 
secretinite, and resinite; and between collodetrinite with semifusinite. Benches with high 
sulfur contents and ash yields correspond with larger amounts of collotelinite and 
vitrodetrinite, respectively. High tree fern spore content is present in majority of the 
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benches independent of vitrinite or inertinite dominance. Bench 41056 has the largest 
small lycopsid spore assemblage, as well as the largest amount of inertinite occurrences. 
3.2.9 Coal Series 41055—41061 
Calculated vitrinite fractions for series 41055—41061 indicate moderate to high 
levels of vitrinite preservation (Table 3.10), and correlation analysis shows general 
negative correlations between vitrinite and inertinite macerals. A positive correlation 
exists between telinite and the gelified vitrinite macerals; preservation in plant structure is 
associated with the corpogelinite found in the structures void spaces. High telinite content 
is also associated with decreased inertinite content, including fusinite and semifusinite. 
There is positive correlation between vitrodetrinite and liptodetrinite, and another 
between macrinite and funginite; the few occurrences of funginite were found in benches 
with elevated levels of macrinite. Additionally, high sulfur content corresponds to 
benches with larger collotelinite and lower inertinite content. High tree fern spore content 
is present in majority of the benches independent of vitrinite or inertinite dominance. 
Bench 41056 has the largest small lycopsid spore assemblage, as well as the largest 
amount of inertinite occurrences. 
3.2.10 Coal Series 6468—6476 
Calculated vitrinite fractions for series 6468—6476 indicate moderate to high 
levels of vitrinite preservation (Table 3.11), and correlation analysis shows general 
negative correlations between vitrinite and inertinite macerals, as well as vitrinite and 
mineral matter content. A positive correlation exists between telinite and the gelified 
vitrinite macerals; preservation in plant structure is associated with the corpogelinite 
found in the structures void spaces. Negative correlations exist between vitrodetrinite 
with collotelinite and collodetrinite, and larger vitrodetrinite amounts are also associated 
with a decrease in inertodetrinite and sporinite occurrences. Conversely, sporinite 
occurences increase with larger amounts of collotelinite and inertodetrinite. 
 In benches where mineral matter (in the form of clay) dominants, there is a direct 
decrease in collotelinite and collodetrinite with a simultaneous increase in vitrodetrinite. 
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Large silicate content is also associated with low-sulfur, high-ash coals, as well as a 
lower sporinite count.  Lycopsid tree spores are dominant in the majority of the benches 
independent of vitrinite, inertinite, and mineral matter dominance. Bench 41056 has the 
largest tree fern spore assemblage, as well as the largest amount of inertinite occurrences. 
3.2.11 Coal Series 6477—6485 
Calculated vitrinite fractions for series 6477—6485 indicate moderate to high 
levels of vitrinite preservation (Table 3.12), and correlation analysis shows general 
negative correlations between vitrinite and inertinite macerals, as well as vitrinite and 
mineral matter content. A positive correlation exists between telinite and the gelified 
vitrinite macerals. Negative correlations exist between vitrodetrinite with collotelinite. 
Positive correlations also exist between inertodetrinite with sporinite and cutinite, and 
fusinite is more prevalent in the presence of larger amounts of collotelinite 
 In benches where mineral matter (in the form of clay) dominates, there is a direct 
decrease in collotelinite and with a simultaneous increase in vitrodetrinite. Large silicate 
content is also associated with low-sulfur, high-ash coals, as well as lower sporinite 
counts.  Larger vitrinite or inertinite content tends to not affect the palynological data; 
lycopsid tree spores and tree fern spores co-dominant in majority of the benches 













Bench VMaxR VMaxSD VMnR VMnSD 
4496 0.89 0.040 0.82 0.058 
4484 0.84 0.060 0.77 0.075 
4605 0.85 0.034 0.79 0.041 
4606 0.85 0.036 0.78 0.038 
4607 0.80 0.028 0.75 0.031 
4602 0.86 0.039 0.80 0.047 
4603 0.83 0.032 0.77 0.044 
4604 0.83 0.039 0.76 0.045 
4599 0.77 0.046 0.72 0.045 
4600 0.82 0.055 0.77 0.067 
4601 0.88 0.029 0.83 0.051 
Table 3.1: Vitrinite reflectance values for 
maximum reflectance, maximum reflectance 
standard deviation, minimum reflectance, and 
minimum reflectance standard deviation for select 













Figure 3.1: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 

























































Figure 3.2: Plot showing the percentages of specific vitrinite macerals in each bench for 
series 4477—4488. 

























































































Figure 3.3: Plot showing the percentages of specific inertinite macerals in each bench 
for series 4477—4488. 













































































































Figure 3.4: Plot showing the percentages of specific liptinite macerals in each bench 
for series 4477—4488. 















































































































































































































Figure 3.6: Plot showing the percentages of sulfur and ash in each bench for series 
4477—4488. 






























Figure 3.7: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 




































































































































Figure 3.9: Plot showing the percentages of specific vitrinite macerals in each bench for 
series 4489—4499. 




































































































Figure 3.10: Plot showing the percentages of specific liptinite macerals in each bench for 
series 4489—4499.  



































































































































































































































Figure 3.13: Plot showing the total percentages of the major maceral groups 
(including mineral matter). Each bar represents one bench within an entire coal series. 
The lowest bench in the series is 4511 and the highest bench is 4500. 
 
 


















Figure 3.14: Plot showing the percentages of specific vitrinite macerals in each bench for 
series 4500—4511. 
 

































































































Figure 3.15: Plot showing the percentages of specific inertinite macerals in each bench 
for series 4500—4511.  













































































































Figure 3.16: Plot showing the percentages of specific liptinite macerals in each bench for 
series 4500—4511.  






































































































































































































































































Figure 3.19: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 






















































































































Figure 3.21: Plot showing the percentages of specific inertinite macerals in each bench 























































































Figure 3.22: Plot showing the percentages of specific liptinite macerals in each bench for 
series 4599—4607.  

























































































































































































Figure 3.25: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 





















































































































Figure 3.27: Plot showing the percentages of specific inertinite macerals in each bench 




















































































































































































































































































Figure 3.31: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 



















































































Figure 3.33: Plot showing the percentages of specific inertinite macerals in each bench 
for series 41035—41041. 
  





























































































































































































































Figure 3.37: Plot showing the total percentages of the major palynological groups in each 





























Figure 3.38: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 































































































Figure 3.40: Plot showing the percentages of specific inertinite macerals in each bench 
for series 41042—41048. 
  































































































































































































































Figure 3.44: Plot showing the total percentages of the major palynological groups in each 






























Figure 3.45: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 




























































































Figure 3.47: Plot showing the percentages of specific inertinite macerals in each bench 
for series 41049—41054. 
  












































































































































































Figure 3.50: Plot showing the percentages of sulfur and ash in each bench for series 
41049—41054. 
  


















Figure 3.51: Plot showing the total percentages of the major palynological groups in each 





























Figure 3.52: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 























































































Figure 3.54: Plot showing the percentages of specific inertinite macerals in each bench 
for series 41055—41061. 
  
































































Figure 3.55: Plot showing the percentages of specific liptinite macerals in each bench for 
series 41055—41061. 
  
























































































































































Figure 3.58: Plot showing the total percentages of the major palynological groups in each 































Figure 3.59: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 
































































































































































Figure 3.61: Plot showing the percentages of specific inertinite macerals in each bench 
for series 6468—6476. 
 
  


















































































Figure 3.62: Plot showing the percentages of specific inertinite macerals in each bench 






























































































































































Figure 3.64: Plot showing the percentages of sulfur and ash in each bench for series 
6468—6476. 
  
























Figure 3.65: Plot showing the total percentages of the major palynological groups in each 
































Figure 3.66: Plot showing the total percentages of the major maceral groups (including 
mineral matter). Each bar represents one bench within an entire coal series. The lowest 






































































































Figure 3.68: Plot showing the percentages of specific inertinite macerals in each bench 
for series 6477—6485. 
  

























































































































































































































































Figure 3.71: Plot showing the percentages of sulfur and ash in each bench for series 
6477—6485. 
 
























Figure 3.72: Plot showing the total percentages of the major palynological groups in each 






















































Figure 3.73: Photographs of vitrinite macerals. (1) collotelinite and vitrodetrinite in a 
clay matrix; (2) telinite with micrinite-filled cell lumens; (3) telinite and corpogelinite; 

















Figure 3.74: Photographs of inertinite macerals. (1) fusinite; (2) inertodetrinite and 
macrinite; (3) macrinite; (4) micrinite alternating with telinite; (5) micrinite replacing 





















Figure 3.75: Photographs of the inertinite maceral, secretinite. (1) secretinite in a 
collodetrinite matrix; (2) secretinite in a collodetrinite matrix; (3) secretinite in a 
















Figure 3.76: Photographs of the inertinite maceral, funginite. (1) fungal spore in a 




































Figure 3.77: Photographs of the liptinite maceral, sporinite. (1) meiospores; (2) 
meiospores and megaspores; (3) meiospores under plane-polarized light; (4) meiospores 






















Figure 3.78: Photographs of the liptinite maceral, sporinite. (1) megaspore under plane-
polarized light; (2) megaspore under blue light; (3) megaspore in a collodetrinite matrix; 


























Figure 3.79: Photographs of the liptinite maceral, cutinite. (1) cutinite under plane-
polarized light; (2) cutinite under blue light; (3) cutinite; (4) cutinite in a collodetrinite 







Figure 3.80: Photographs of the liptinite maceral, alginite. (1) lamalginite under blue 
light; (2) lamalginite under plane-polarized light; (3) botryococcus under blue light; (4) 










































Figure 3.82: Photographs of carbonate mineral matter. (1) siderite; (2) siderite 
aggregate; (3) siderite-infilling of cell lumens; (4) siderite replacing telinite structures 































Figure 3.83: Photographs of etched vitrinite. (1) telinite; (2) unetched collotelinite to the 
left, etched telinite to the right; (3) unetched collotelinite to the left, etched telinite to the 


























Figure 3.84: Photographs of etched liptinite macerals. (1) sporinite and liptodetrinite; (2) 
sporinite and liptodetrinite; (3) sporinite and resinite etched telinite to the right; (4) 
sporinite, liptodetrinite, and resinite; (5) sporinite and cutinite; (6) megaspores (images 

























Figure 3.85: Photographs of etched macerals. (1) corpogelinite; (2) semifusinite and 
secretinite; (3) vitrodetrinite and inertodetrinite in a clay matrix; (4) micrinite-replaced 
telinite and resinite; (5) secretinite in a collodetrinite matrix; (6) alternating collotelinite 
and collodetrinite; (7) telinite; (8) semifusinite and fusinite (images courtesy of Dr. 
Cortland Eble).  
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Figure 3.87: Photographs of Cordaites pollen (top two images) and 
gymnosperm pollen from an unknown source (bottom three images; images 


































Figure 3.88: Photographs of small Lycopsid spores (top images) and Lycopsid tree spores 





























































4477 53.2 33.2 20.0 1.66 
4478 53.8 38.8 15.0 2.59 
4479 59.2 35.6 23.6 1.51 
4480 54.2 42.4 11.8 3.59 
4481 50.6 28.2 22.4 1.26 
4482 57.6 41.6 16.0 2.60 
4483 60.2 35.4 24.8 1.43 
4484 78.6 55.8 22.8 2.45 
4485 81.4 71.2 10.2 6.98 
4486 42.6 25.4 17.2 1.48 
4487 54.6 31.6 23.0 1.37 
4488 74.2 46.4 27.8 1.67 
Table 3.2: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and detrovitrinite 












4489 55.2 33.2 22.0 1.51 
4490 46.0 29.6 16.4 1.80 
4491 58.8 29.4 29.4 1.00 
4492 56.8 37.8 19.0 1.99 
4493 52.2 39.4 12.8 3.08 
4494 51.6 28.4 23.2 1.22 
4495 75.6 65.2 10.4 6.27 
4496 78.8 63.6 15.2 4.18 
4497 36.8 17.6 19.2 0.92 
4498 59.6 43.6 16.0 2.73 
4499 78.4 47.6 30.8 1.55 
Table 3.3: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and 
detrovitrinite (i.e. vitrodetrinite and collodetrinite) maceral percentages in 










4500 61.0 46.0 15.0 3.07 
4501 53.8 32.2 21.6 1.49 
4502 52.8 30.8 22.0 1.40 
4503 21.6 4.0 17.6 0.23 
4504 52.4 31.2 21.2 1.47 
4505 53.6 29.0 24.6 1.18 
4506 47.6 17.6 30.0 0.59 
4507 73.0 56.6 16.4 3.45 
4508 81.2 70.0 11.2 6.25 
4509 43.2 23.2 20.0 1.16 
4510 57.8 36.6 21.2 1.73 
4511 61.0 36.4 24.6 1.48 
Table 3.4: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and detrovitrinite 












4599 65.2 46.2 19.0 2.43 
4600 52.0 39.6 12.4 3.19 
4601 76.8 66.0 10.8 6.11 
4602 63.0 49.2 13.8 3.57 
4603 34.2 18.8 15.4 1.22 
4604 65.0 43.0 22.0 1.95 
4605 40.8 25.2 15.6 1.62 
4606 80.4 66.4 14.0 4.74 
4607 60.2 47.4 12.9 3.69 
Table 3.5: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and 
detrovitrinite (i.e. vitrodetrinite and collodetrinite) maceral percentages in 











4978 58.8 51.0 7.8 6.54  
4979 63.4 47.0 16.4 2.87  
4980 66.2 47.2 19.0 2.48  
4981 69.4 45.8 23.6 1.94  
4982 62.8 47.4 15.4 3.08  
4983 66.2 52.2 14.0 3.73  
4984 68.8 55.0 13.8 3.99  
4985 26.6 16.6 10.0 1.66  
4986 76.0 52.6 23.4 2.25  
Table 3.6: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and 
detrovitrinite (i.e. vitrodetrinite and collodetrinite) maceral percentages  in 











  41035 40.6 7.8 32.8 0.24 
41036 48.4 41.6 6.8 6.12 
41037 61.8 48.4 13.4 3.61 
41038 55.0 48.4 6.6 7.33 
41039 37.4 30.2 7.2 4.19 
41040 62.4 50.0 12.4 4.03 
41041 57.2 48.6 8.6 5.65 
Table 3.7: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and detrovitrinite 

























41042 41.8 34.6 7.2 4.81 
41043 51.0 44.8 6.2 7.23 
41044 23.6 11.2 12.4 0.90 
41045 53.4 46.2 7.2 6.42 
41046 38.4 29.2 9.2 3.17 
41047 44.0 34.8 9.2 3.78 
41048 53.8 45.8 8.0 5.73 
Table 3.8: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and detrovitrinite 











41049 32.0 18.0 14.0 1.29 
41050 55.8 51.2 4.6 11.13 
41051 49.4 35.2 14.2 2.48 
41052 44.8 32.6 12.2 2.67 
41053 50.6 43.8 6.8 6.44 
41054 55.6 50.0 506 8.93 
Table 3.9: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and detrovitrinite 












41055 61.6 56.8 4.8 11.83 
41056 41.8 32.8 9.0 3.64 
41057 48.6 39.6 9.0 4.40 
41058 63.8 48.4 15.4 3.14 
41059 59.8 51.6 8.2 6.29 
41060 57.4 39.6 17.8 2.22 
41061 69.8 57.6 12.2 4.72 
Table 3.10: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and 
detrovitrinite (i.e. vitrodetrinite and collodetrinite) maceral percentages in 









6468 71.2 49.0 22.2 2.21 
6469 74.2 53.8 20.4 2.64 
6470 74.2 54.0 20.2 2.67 
6471 80.0 67.2 12.8 5.25 
6472 19.4 7.0 12.4 0.56 
6473 49.8 37.4 12.4 3.02 
6474 64.8 47.4 17.4 2.72 
6475 36.2 20.2 16.0 1.26 
6476 51.6 35.2 16.4 2.15 
Table 3.11: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and detrovitrinite 











6477 52.4 38.8 13.6 2.85 
6478 28.4 7.8 20.6 0.38 
6479 58.6 46.8 11.8 3.97 
6480 54.8 42.4 12.4 3.42 
6481 46.6 21.2 25.4 0.83 
6482 53.2 28.8 24.4 1.18 
6483 42.2 18.4 23.8 0.77 
6484 48.8 31.0 17.8 1.74 
6485 62.8 47.0 15.8 2.97 
Table 3.12: Vitrinite fraction calculated from telovitrinite (i.e. telinite and 
collotelinite), gelovitrinite (i.e. gelinite and corpogelinite), and detrovitrinite 






4. DISCUSSION AND CONCLUSION 
4.1 Depositional Environment Interpretations 
4.1.1 Petrography 
Petrographic analyses indicate that these coals have relatively high liptinite and 
varying inertinite content, along with generally very low, but variable, amounts of 
mineral matter. Vitrinite, mainly in the form of collotelinite, is the most dominant 
maceral group. Despite liptinite content rarely exceeding 15% in total volume, and 
vitrinite being the dominant maceral group, the Leatherwood coal is considered to be 
relatively low in vitrinite content, high in liptinite content, and variable inertinite content 
compared to other, especially older, eastern Kentucky coal beds. A majority of the 
Middle Pennsylvanian coals located in the EKCF close to the Leatherwood coal bed 
stratigraphically (e.g. Fire Clay coal bed and Pond Creek coal bed) are characterized by 
having a much higher vitrinite content, ranging from 75-95% total volume, and low 
liptinite content, ranging from 5-10% total volume (Hower and Pollock, 1988; Eble and 
Grady, 1990; Helfrich and Hower, 1991; Eble et al., 1994; Greb et al., 1999).  
The 4000- and 6000- series sets are characterized by relatively high liptinite and 
low inertinite content, along with minimal amounts of mineral matter. Vitrinite is the 
dominant maceral group, which occurs in high to moderate abundance, averaging 
between 50-60% in total volume. The most prevalent maceral is collotelinite, followed by 
collodetrinite, indicating that the processes of gelification, and degradation, occurred 
during peat accumulation. There is a general correlation between inertinite and vitrinite 
content; conditions do not appear to have been conclusive to inertinite, especially 
fusinite, formation in or near the mire. High sporinite occurrences are associated with 
larger collotelinite content, suggesting that conditions allowing for vitrinite formation 
have greater preservation potential, most likely attributed to wetter environments. In the 
6000+ -series sets, where select benches have inorganic partings, conditions suitable for 
detrital influx can be inferred, including changes in water flow. High mineral content is 
associated with greater degraded maceral content, suggesting high energy conditions 
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associated with a heightened water flow, which would act as an additional source for 
degradation. 
 The 41000+ - series sets show increased amounts of inertinite and liptinite. 
Increased inertinite content is associated with drier conditions, which would make the 
surficial peat more susceptible to exposure to air and oxygenated waters; these conditions 
would promote fungal and bacterial activity (Hower et al., 2009; Hower et al., 2011). The 
few occurrences of funginite were found in benches with elevated levels of macrinite, and 
large inertinite volume in general. There is a negative correlation between inertinite and 
preserved structures in vitrinite, and a positive correlation between inertinite and 
degraded vitrinite macerals. These petrographic results suggest drier conditions suitable 
for inertinite formation, as well as extensive peat exposure to atmospheric conditions, 
allowing for accelerated degradation. Alternatively, elevated inertinite contents could 
also be attributed to an increased frequency of fires within the mire. The increased 
liptinite contents could further suggest that many of these fires may have been “crown 
fires,” burning aerial portions of the plants, but leaving the surface of the peat relatively 
unaffected (Scott, 1989). An increase in liptinite is also a result from the destruction of 
pre-vitrinitic materials, leaving behind liptinites, which are more resistant by nature. 
These conditions are consistent with, and most likely the result of, peat accumulation in a 
domed mire setting (Eble and Grady, 1990; Eble et al., 1994). 
4.1.2 Geochemistry 
Geochemical data reveal low sulfur contents and ash yields for all series. Low-
sulfur and low-ash coals, in association with minimal amounts of mineral matter, are 
indicative of limited detrital influx and minimal authigenic mineral formation. The 
Leatherwood is a low-sulfur coal compared to other coals sharing similar stratigraphic 
positions. This can be associated with environments of acidic stagnant standing waters, or 
drier environments with lowered water levels and domed surfaces where leaching can 
occur. In benches with large mineral content, as exemplified in series 6468—6476 and 
6477—6485 with the dominance of clay, elevated water levels with increased input flow 




Although palynologic results reveal a wide diversity of palynomorphs, most of the 
palynofloras are dominated by taxa assignable to large lycopod trees and tree ferns. 
Contributions from other plant groups, including small lycopsids, small ferns, cordaites, 
and calamites are minor by comparison, as exemplified in the 6000- series set. Lycopsid 
tree spore abundance corresponds with abundant vitrinite occurrence. The same “wet” 
conditions that promote the formation of vitrinite (Teichmuller, 1989) correspond to 
environmental conditions that allowed for the establishment, and proliferation, of large 
lycopsid trees. The stratigraphic interval in which the Leatherwood coal bed occurs is 
accompanied by a tremendous increase in diversity and in tree fern spore content (Eble, 
1994). Tree ferns were adapted to growth and reproduction in a wide range of 
environment, including mires. The fact that most Late Pennsylvanian coal bed 
palynofloras in the Appalachian basin are dominated by tree fern spores attests to their 
ability to flourish in mire systems (Eble et al., 1990). Therefore, the diminished presence 
of lycopsid tree spores in many of the Leatherwood benches does not necessarily reflect 
“drier” conditions; it is more probably a reflection of an increased presence of tree ferns 
during the time of Leatherwood peat accumulation. Conditions of consistent and 
extensive water coverage are indicative of planar or slightly domed mires. However, the 
6000- series set has a more diverse palynoflora assemblage with mixed palynoflora in 
select benches.  
In contrast, 41000 -series set is characterized by more abundant tree fern and 
small lycopsid spore assemblages. Small lycopsid spores are associated with inertinite 
and liptinite occurrences, which parallel a decrease in vitrinite from the degradation of 
vitrinite-producing materials. Elevated concentrations of small lycopsids are usually 
indicative of increased levels of biotic and/or abiotic stress. In the 41000 -series, the 
stress appears to have been caused by ombrogenous peat formation in domed mires, 
which is supported by the very low ash yields and total sulfur contents. It should be noted 
that larger spores have a greater chance at being recorded during the quantification 
process (point counts), as opposed to the smaller spores, such as lycospora, which are 
much are much smaller and thinner in nature compared to most other spores. The larger 
spores have a greater chance at being recorded during the quantification process. 
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4.2 Interpretations 
Studies by Eble and Grady (1990), Eble et al. (1994) and Greb and et al. (1999)  
reveals that, when combining petrographical, geochemical, and palynological data, there 
are four major depositional groups found in central Appalachian basin coals that formed 
in close proximity to the Leatherwood coal bed during the Middle Pennsylvanian: 
(1)         This group is a Lycospora-vitrinite dominant group characterized by high 
percentages of Lycopsid spores, and contains high percentages of vitrinite 
macerals with variable sulfur, ash, and mineral content. This group is associated 
with topogenous mires, which would be most conducive for arboreous Lycopsid 
growth and reproduction (DiMichele and Phillips, 1985). The expansive water 
cover prevents oxidation of the peat surface, allowing for the formation of high-
vitrinite coals and better plant preservation in the coals. These conditions would 
allow for telinite to be the most abundant maceral, suggesting that waters were 
most likely acid, inhibiting microbial decay of the vitrinite-precursor material.  
Low inertinite is also characteristic of these mires, possibly indicating that 
fires were uncommon due to extensive water exposure (DiMichele and Phillips, 
1985; Eble et al., 1994). Periodic detrital influx results in variable ash, sulfur, and 
mineral content. The predominantly anaerobic conditions would also result in 
formation of authigenic mineral matter (Cecil et al., 1982). 
(2)        The second group is a mixed palynoflora-vitrinite dominant group that is 
petrographically and geochemically similar to group 1, but more palynologically 
diverse, containing increased percentages of tree fern, small fern and calamite 
miospores, as well as variable sulfur and low ash content. This group also forms 
in topogenous mires. The wider range of diversity in the palynoflora may be a 
response to changes in nutrient availability, changes in acidity, or other changes 
related soil factors. The low ash and low sulfur yields indicate that detrital input 
and authigenic mineral emplacement were minimal (Eble et al., 1994). 
(3)         The third group is a mixed palynoflora-moderate/low vitrinite group that 
palynologically consist of various admixtures of lycopsid (trees and small 
varieties), fern (tree-like and small forms), and minor calamite spore content. 
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Petrographically, this group contains greater percentages of liptinite and 
inertinites macerals, low-ash and low-sulfur content, and limited mineral content. 
The increased percentages of liptinite and inertinite (mainly semifusinite and 
fusinite) macerals suggest intermittent surficial exposure to air and oxygenated 
rain water (Eble et al., 1994). Inertinite formation can also be attributed to 
increased frequencies of mire fires (Scott and Jones, 1994; Scott, 2010). This is 
indicative of environmental settings where the water table has dropped below the 
surface level due to decreased moisture input (Eble et al., 1994). These conditions 
would most likely accelerate microbial degradation of peat through fungal and 
bacterial activity (which is normally kept in check by acidic, anaerobic water 
cover), also promoting the formation of inertinite macerals and maceral 
precursors (Eble et al., 1994).  
These processes are typically observed in modern domed mires during dry 
seasons. Decreased amounts of lycopsid miospores is a result of the inconsistent 
water cover, which can inhibit the lycopsids’ reproductive mechanism (DiMichele 
and Phillips, 1985).  Low ash, sulfur, and mineral matter are also associated with 
lowered water levels, inhibiting detrital contamination in the peat (Eble et al., 
1994).  
(4)        The fourth group is a mixed palynoflora-high ash yield group, typically 
dominated by fern spores (tree-like and small forms), with frequent occurrences 
of Lycopsid (trees and small varieties), calamite and cordaite spores. 
Petrographically, the composition of macerals defined by this group is variable, 
but generally consists of greater quantities of liptinite and inertinite. Ash yields 
are predominantly high for this group, but also tend to be variable, along with low 
to moderate sulfur content (Eble et al., 1994). 
This group probably formed in areas that were exposed to periodic detrital 
influx, including sediment and inertinite fragments (e.g. buoyant charcoal), 
raising both mineral mater and inertinite content. Oxygenated extra-mire water 
influx can accelerate the degradation of peat material, producing inertinites and 
inertinite precursors (Eble et al., 1994). 
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When examining the combined petrographical, geochemical, and palynological 
data, results indicate that both domed, ombrotrophic and planar, rheotrophic mire 
conditions, with limited local detrital influx, contributed to the formation of the 
Leatherwood coal. The 4000- series for this study does not have corresponding 
palynological data to aid in depositional interpretations; however, based on the 
petrographic and geochemical data, planar, rheotrophic mire settings can be inferred. 
Similar to group 1, the Lycospora-vitrinite dominant group suggests areas of near-
constant water cover from a high groundwater level. Morphologically, these areas were 
probably planar or slightly domed. Considering the vitrinite content is not as high as most 
of the vitrinite seen in neighboring and adjacent coal seams, it is more probable that the 
mire was slightly domed and not fully planar. The expansive water cover in association 
with a relatively planar setting prevents surficial exposure to atmospheric conditions, 
allowing for the formation of high vitrinite content and better plant and spore 
preservation in coal in anaerobic environments. 
The 6000-series set has similar characteristics to the 4000-series, but is more 
similar to group 2 with a more mixed palynoflora assemblage, containing increased 
percentages of tree fern spores, also reflecting a planar, rheotrophic mire. The mixed 
palynoflora and infrequent inorganic partings with high ash yield zones, which appear to 
be short-lived, can be attributed to changes in mire morphology and edaphic conditions, 
as well as increases in water flow. Modern domed peat systems consist of both planar and 
domed peat phases. Peat bodies can start out as planar mires, and with consistent high 
moisture levels, can evolve into domed mires (Moore, 1987). It should also be noted that 
there are a number of factors that influence peat development and deposition, including 
variations in climate, rates of sedimentation and subsidence which cannot be observed in 
petrographic, palynologic, and geochemical data. These processes should be considered 
non-static and accompany the influence of peat accumulation. 
Despite most planar mires exhibiting anaerobic conditions, the planar mires in this 
study show signs of slightly oxygenated (i.e., disoxic) waters. In the planar mire setting, 
there was still enough oxygen to destroy pre-vitrinitic material, thus explaining relatively 
low vitrinite content for a planar mire conditions. However, the lack of pyrite formation, 
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along with the presence of siderite, indicates oxide formation due to oxygenated waters. 
Siderite is an iron carbonate, indicating that the system still had enough oxygen in the 
waters to allow for oxide formation, limiting sulfur formation. The planar mires in this 
study are disoxic, explaining siderite formation in wet environments. In these settings, the 
top of the water column gains oxygen from rain water, allowing for microbe activity in 
the peat.  
The 41000-series is most similar to the group 3 depositional environment. The 
characterization of tree fern spores and arboreous lycopsids dominance along with mixed 
palynoflora, low ash and sulfur yields, limited mineral content, and increased inertinite 
and liptinite contents can be interpreted as a domed mire setting that was primarily 
ombrotrophic. A domed mire morphology would effectively restrict widespread detrital 
influx due to mire drainage from positive relief, and promote the leaching of minerals. 
Decreased water levels would simultaneously inhibit lycopsid growth, as well as allowing 
for surficial peat exposure to air and oxygenated rain water promotes inertinite formation. 
This is also supported by the increase in small lycopod pollen; small lycopods are 
associated with drier environments typically found in domed settings.  
Some of the sites that lie within the domed mire setting contain partings. This can 
be explained by domed mire settings having domed-planar life cycles. The mire is kept 
domed by rainfall, resulting in a perched water table. Variation in climate, such as 
alternating dry and wet seasons, alters water influx. Dry seasons and a net decrease in 
water influx can cause a domed mire to experience deflation, causing a temporary planar 
mire to form. A mire that is deflated is more prone to sediment influx and clastic activity. 
Horizontal profiles for data series 4000 and 41000 were constructed due to the 
sites’ close proximity, examining ash yield, sulfur content, and maceral composition 
(Figures 4.1, 4.2, and 4.3). Data series 6000 was excluded because of its locality on the 
Pine Mountain thrust, causing the series to be isolated from the other collection sites. 
Based on the horizontal profiles, a laterally confined peat body can be inferred, where 
data series 4477—4488, 4489—4499, 4500—4511, 4599—4607 and 4978—4986 are 
relatively closer to the central part of the peat body, and 41055—41061, 41042—41043, 
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and 41035—41041 are closer in proximity to the margins of the peat body. One attempt 
at a reconstruction of the peat body is shown in Figure 4.4. 
Collection sites within the central area of the laterally confined peat body indicate 
a higher composition of degraded macerals, and also contain larger amounts of inertinite 
and liptinite with low ash and sulfur content. This is explained by the domed region being 
higher in elevation, and by having a larger acrotelm area. The acrotelm if the area of peat, 
usually closest to the surface, that remains oxygenated. A larger acrotelm causes the peat 
to be more susceptible to degradational processes (i.e., fungal and bacterial activity), 
resulting in further destruction to the peat. The greater positive relief of the elevated 
central area would also allow for conditions more conducive to inertinite and liptinite 
formation. The positive relief would promote the leaching of water, allowing for surficial 
peat exposure to air and oxygenated rain water. The data series located on the margins of 
the peat body have relatively higher vitrinite content, and were described previously as 
‘slight planar.’ The planar-like setting can coincide to the peats edges, where higher 
vitrinite content would be anticipated due to wetter conditions found along the margins of 
peat bodies. Individual collection sites that have higher ash at the bottom and top of the 
beds also verify a location proximal to the peat body’s edge. The margins are more 
susceptible to flooding events as opposed to the central regions of the peat body due to its 
peat surface being near, or at, local topography. Flooding events move water-borne 
detritus across areas of similar, or lower, elevation more easily compared to pulling up 
water up into the domed region of the mire. 
4.3 Conclusions 
This thesis set out to characterize the maceral composition of the Leatherwood coal 
bed in order to determine specific depositional environments and associated peat 
accumulation conditions through the use of petrographic, geochemical, and palynological 
data. The conclusions drawn from this investigation include: 
(1) Petrographic analyses indicate that these coals have relatively high liptinite and 
varying inertinite content, along with trace amounts of mineral matter. Vitrinite, 
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mainly in the form of collotelinite, is the most dominant maceral group found in 
relatively moderate abundance. 
(2) Geochemical data reveal low-sulfur content and ash yield in majority of the coal 
benches. 
(3) Ancillary palynological data shows that the palynomorph assemblages are 
dominated by tree fern and large lycopsid tree spores, with limited amounts of small 
lycopsid tree, small fern, and calamite spores, and cordaite pollen.  
(4) The petrographic, geochemical, and palynological data indicate that both domed, 
ombrotrophic, and slightly planar, rheotrophic mire conditions, with limited local 








    
      






Figure 4.1: Figure showing the horizontal profile of the designated data series indicated 
by the red stars on the map. Ash yield percentages are indicated by the bar graphs, listed 










Figure 4.2: Figure showing the horizontal profile of the designated data series indicated 
by the red stars on the map. Sulfur percentages are indicated by the bar graphs, listed in 
consecutive order from A to A’.
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Figure 4.3: Figure showing the horizontal profile of the designated data series indicated 
by the red stars on the map. Maceral group percentages are indicated by the bar graphs, 
































Figure 4.4: The figure above illustrates the interpreted reconstruction of the 
laterally confined peat body, showing the site locations, indicated by the red stars, 
in proximity to the mire’s perimeters. The figure below illustrates the mire pod’s 


















APPENDIX A: PETROGRAPHIC DATA 













Telinite 1.4 7.2 1.6 2.2 0.0 1.2 
Collotelinite 31.8 31.6 34.0 40.2 28.2 40.4 
Vitrodetrinite 2.0 2.4 4.4 0.8 0.8 0.0 
Collodetrinite 16.4 10.2 16.8 9.0 18.8 11.6 
Corpogelinite 0.0 1.2 0.8 1.0 1.0 1.6 
Gelinite 1.6 1.2 1.6 1.0 1.8 2.8 
Fusinite 5.6 11.6 5.2 11.0 9.4 5.2 
Semifusinite 7.2 8.2 5.6 9.6 8.6 9.6 
Micrinite 5.6 2.0 3.2 5.2 4.2 7.2 
Macrinite 2.4 11.6 0.4 11.0 9.4 1.2 
Secretinite 0.8 0.0 0.0 0.2 0.4 0.0 
Funginite 0.0 0.0 0.0 0.0 0.0 0.0 
Inertodetrinite 5.6 4.8 6.4 6.2 7.4 4.0 
Sporinite 11.6 10.0 10.0 8.0 7.4 11.6 
Cutinite 0.0 0.0 0.4 0.2 0.2 0.4 
Resinite 4.0 2.4 2.0 2.6 7.6 3.2 
Alginite 0.0 0.0 0.0 0.0 0.0 0.0 
Liptodetrinite 0.0 0.0 0.0 0.0 0.4 0.0 
Suberinite 0.0 0.0 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.4 0.0 0.0 0.0 0.0 
Silicate 2.8 6.4 6.8 0.8 0.0 0.0 
Sulfide 1.2 0.0 0.0 0.0 1.0 0.0 
Carbonate 0.0 0.0 0.4 0.0 1.2 0.0 






















Telinite 3.2 5.0 3.0 1.6 2.0 4.8 
Collotelinite 32.2 50.8 68.2 23.8 29.6 41.6 
Vitrodetrinite 0.0 0.0 0.0 1.4 3.2 9.2 
Collodetrinite 20.2 18.0 3.4 13.4 18.0 10.0 
Corpogelinite 1.8 2.0 2.4 0.4 0.8 3.0 
Gelinite 2.8 2.8 4.4 2.0 1.0 5.6 
Fusinite 5.8 1.4 2.2 21.0 8.2 6.8 
Semifusinite 4.2 0.0 1.2 11.6 3.4 2.8 
Micrinite 2.2 5.0 1.6 2.8 6.8 3.4 
Macrinite 2.4 1.4 0.0 3.4 0.8 6.8 
Secretinite 1.2 0.2 0.6 0.8 1.0 0.0 
Funginite 0.0 0.0 0.0 0.0 0.0 0.0 
Inertodetrinite 6.2 2.0 3.4 4.8 6.2 2.4 
Sporinite 15.6 8.2 4.2 11.0 14.4 3.2 
Cutinite 2.2 1.6 2.0 0.4 0.8 0.4 
Resinite 0.0 1.4 2.4 0.4 2.0 2.0 
Alginite 0.0 0.2 0.0 0.0 0.0 0.4 
Liptodetrinite 0.0 0.0 0.0 0.0 0.4 0.0 
Suberinite 0.0 0.0 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.0 0.0 0.0 0.0 0.0 
Silicate 0.0 0.4 1.0 1.2 0.0 4.4 
Sulfide 0.0 0.8 0.0 0.0 1.4 0.0 
Carbonate 0.0 0.0 0.0 0.0 0.0 0.0 
























Telinite 0.8 4.0 7.6 4.8 0.8 
Collotelinite 32.4 25.6 21.8 33.0 38.6 
Vitrodetrinite 0.4 2.4 2.2 0.4 0.0 
Collodetrinite 18.6 11.6 21.4 17.0 10.0 
Corpogelinite 0.8 0.8 3.0 1.2 0.8 
Gelinite 2.2 1.6 2.8 0.4 2.0 
Fusinite 7.0 10.8 8.0 7.0 8.0 
Semifusinite 9.0 9.2 5.2 8.0 11.0 
Micrinite 4.8 1.6 4.4 6.8 6.4 
Macrinite 1.6 0.4 1.6 0.8 1.6 
Secretinite 1.2 0.4 0.8 0.4 0.4 
Funginite 0.0 0.0 0.0 0.0 0.0 
Inertodetrinite 5.6 9.2 9.0 9.0 6.8 
Sporinite 10.4 12.0 10.2 8.6 9.8 
Cutinite 0.0 0.0 0.2 0.4 0.0 
Resinite 2.8 4.4 0.6 1.2 3.4 
Alginite 0.0 0.0 0.0 0.2 0.0 
Liptodetrinite 0.4 0.0 0.0 0.0 0.0 
Suberinite 0.0 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.4 0.0 0.0 0.0 
Silicate 1.6 5.2 1.2 0.4 0.0 
Sulfide 0.4 0.0 0.0 0.4 0.0 
Carbonate 0.0 0.4 0.0 0.0 0.0 





















Telinite 0.8 4.4 2.4 0.0 3.2 9.6 
Collotelinite 27.6 60.8 61.2 17.6 40.4 38.0 
Vitrodetrinite 0.4 0.0 0.8 0.8 2.0 4.8 
Collodetrinite 18.8 7.6 12.0 16.0 11.2 13.6 
Corpogelinite 0.0 1.2 0.4 1.2 0.8 4.4 
Gelinite 4.0 1.6 2.0 1.2 2.0 8.0 
Fusinite 6.0 6.0 1.6 9.6 9.6 2.0 
Semifusinite 8.8 0.8 0.8 15.2 8.4 3.2 
Micrinite 8.8 4.0 4.0 8.4 2.0 5.2 
Macrinite 3.6 0.4 0.0 3.6 1.2 0.0 
Secretinite 0.4 0.4 0.0 1.2 0.0 0.4 
Funginite 0.0 0.0 0.0 0.0 0.0 0.0 
Inertodetrinite 8.0 2.8 1.2 7.6 7.6 1.6 
Sporinite 10.4 7.2 6.4 14.0 6.0 4.0 
Cutinite 1.2 2.0 1.2 0.4 0.8 0.8 
Resinite 0.4 0.8 2.4 2.8 4.8 4.4 
Alginite 0.0 0.0 0.0 0.0 0.0 0.0 
Liptodetrinite 0.4 0.0 0.4 0.0 0.0 0.0 
Suberinite 0.0 0.0 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.0 0.0 0.0 0.0 0.0 
Silicate 0.4 0.0 2.4 0.4 0.0 0.0 
Sulfide 0.0 0.0 0.0 0.0 0.0 0.0 
Carbonate 0.0 0.0 0.0 0.0 0.0 0.0 























Telinite 2.8 3.6 2.8 0.0 2.0 0.4  
Collotelinite 43.2 28.6 28.0 4.0 29.2 28.6  
Vitrodetrinite 2.4 17.4 0.4 0.8 0.8 0.0  
Collodetrinite 8.0 2.2 17.6 14.2 18.4 21.8  
Corpogelinite 0.8 0.2 1.6 0.0 0.8 0.4  
Gelinite 3.8 1.8 2.4 2.6 1.2 2.4  
Fusinite 5.2 1.6 14.4 21.8 9.2 6.0  
Semifusinite 6.8 1.6 6.8 2.6 6.0 9.2  
Micrinite 2.4 0.0 2.4 5.2 6.4 4.2  
Macrinite 2.6 0.4 2.4 0.0 2.0 1.4  
Secretinite 0.4 0.0 0.0 0.0 0.4 0.4  
Funginite 0.0 0.0 0.0 0.0 0.0 0.0  
Inertodetrinite 5.4 0.4 5.6 19.6 7.2 9.6  
Sporinite 4.2 1.2 9.2 8.8 8.0 9.6  
Cutinite 1.2 0.8 0.0 2.4 0.0 0.4  
Resinite 1.8 0.4 2.0 4.0 0.8 4.8  
Alginite 0.0 0.0 0.0 0.0 0.0 0.0  
Liptodetrinite 0.0 0.0 0.0 0.0 0.0 0.0  
Suberinite 0.0 0.0 0.0 0.0 0.0 0.0  
Exsudatinite 0.0 0.0 0.0 0.0 0.0 0.4  
Silicate 2.6 24.6 4.0 14.0 7.2 0.0  
Sulfide 6.4 6.2 0.0 0.0 0.0 0.0  
Carbonate 0.0 8.6 0.4 0.0 0.0 0.4  





















Telinite 0.8 6.6 5.6 2.8 1.6 2.6 
Collotelinite 16.8 50.0 64.4 20.4 35.0 33.8 
Vitrodetrinite 0.4 0.0 0.0 3.2 0.8 0.8 
Collodetrinite 28.0 10.4 7.2 14.0 17.6 20.0 
Corpogelinite 0.4 1.0 2.0 0.4 0.8 1.8 
Gelinite 1.2 5.0 2.0 2.4 2.0 2.0 
Fusinite 7.2 2.8 1.6 7.6 2.4 3.4 
Semifusinite 13.2 5.0 1.6 20.4 7.2 5.4 
Micrinite 3.2 7.6 4.4 5.2 3.8 2.4 
Macrinite 0.4 0.4 0.0 1.6 1.2 1.2 
Secretinite 1.6 0.0 0.0 0.0 0.8 0.4 
Funginite 0.0 0.0 0.0 0.0 0.0 0.0 
Inertodetrinite 7.2 2.6 2.0 6.4 9.6 8.8 
Sporinite 12.8 6.0 6.0 10.4 12.0 12.2 
Cutinite 0.0 1.6 2.0 0.0 0.0 0.0 
Resinite 3.6 1.0 0.0 2.4 4.4 4.8 
Alginite 0.0 0.0 0.4 0.0 0.0 0.0 
Liptodetrinite 0.0 0.0 0.0 0.0 0.0 0.0 
Suberinite 0.0 0.0 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.0 0.0 0.0 0.0 0.0 
Silicate 3.2 0.0 0.4 2.4 0.8 0.4 
Sulfide 0.0 0.0 0.0 0.0 0.0 0.0 
Carbonate 0.0 0.0 0.0 0.0 0.0 0.0 




















Telinite 1.6 2.8 4.0 2.8 1.4 
Collotelinite 44.6 36.8 62.0 46.4 17.4 
Vitrodetrinite 0.6 0.0 0.0 0.0 0.0 
Collodetrinite 13.8 8.0 6.4 11.8 10.6 
Corpogelinite 0.4 0.0 0.4 0.8 1.2 
Gelinite 4.2 4.4 4.0 1.2 3.6 
Fusinite 4.8 7.2 2.0 5.6 6.0 
Semifusinite 5.0 14.4 2.0 4.0 20.6 
Micrinite 4.8 3.6 6.4 6.8 5.2 
Macrinite 1.6 3.6 1.2 2.8 7.6 
Secretinite 0.0 0.4 0.4 0.4 0.6 
Funginite 0.0 0.0 0.0 0.0 0.0 
Inertodetrinite 6.6 5.2 1.6 4.6 10.6 
Sporinite 8.6 8.4 4.4 7.2 9.2 
Cutinite 1.2 1.6 1.6 0.8 0.0 
Resinite 0.8 2.0 2.0 3.6 6.0 
Alginite 0.0 0.0 0.0 0.0 0.0 
Liptodetrinite 0.0 0.0 0.0 0.0 0.0 
Suberinite 0.0 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.0 0.0 0.0 0.0 
Silicate 1.4 1.2 0.0 0.8 0.0 
Sulfide 0.0 0.0 0.0 0.0 0.0 
Carbonate 0.0 0.4 1.6 0.4 0.0 

















Telinite 6.2 1.2 4.4 4.2 
Collotelinite 36.8 24.0 62.0 43.2 
Vitrodetrinite 0.0 0.2 0.0 0.0 
Collodetrinite 15.4 9.6 4.2 7.2 
Corpogelinite 3.6 0.8 3.6 1.2 
Gelinite 3.0 5.0 6.2 4.4 
Fusinite 4.0 7.2 1.6 3.4 
Semifusinite 3.0 14.6 1.6 4.4 
Micrinite 6.6 7.4 7.8 9.8 
Macrinite 1.6 10.4 0.0 2.0 
Secretinite 0.0 0.8 0.0 0.0 
Funginite 0.0 0.0 0.0 0.0 
Inertodetrinite 4.6 6.8 0.0 2.2 
Sporinite 9.2 8.4 5.6 9.6 
Cutinite 4.2 0.0 1.0 2.0 
Resinite 1.2 3.6 1.2 4.8 
Alginite 0.0 0.0 0.0 0.0 
Liptodetrinite 0.0 0.0 0.0 0.0 
Suberinite 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.0 0.0 0.0 
Silicate 0.6 0.0 0.0 0.0 
Sulfide 0.0 0.0 0.0 1.4 
Carbonate 0.0 0.0 0.0 0.0 




















Telinite 3.2 5.0 2.2 1.8 1.2 
Collotelinite 47.8 42.0 45.0 44.0 46.2 
Vitrodetrinite 0.2 0.0 0.6 1.0 0.0 
Collodetrinite 5.8 13.4 15.2 15.6 10.6 
Corpogelinite 0.6 0.6 1.4 0.8 0.4 
Gelinite 1.2 2.4 1.8 6.2 4.4 
Fusinite 8.6 2.8 7.2 5.4 4.2 
Semifusinite 5.4 5.8 4.8 1.6 3.6 
Micrinite 3.0 2.0 2.4 2.8 2.2 
Macrinite 1.0 1.6 0.8 1.0 3.2 
Secretinite 1.0 0.8 0.6 0.4 0.2 
Funginite 0.0 0.0 0.0 0.2 0.0 
Inertodetrinite 7.4 8.4 5.4 3.0 6.2 
Sporinite 7.2 9.2 6.2 6.6 9.0 
Cutinite 2.8 2.0 0.6 0.2 0.8 
Resinite 2.4 2.4 3.0 6.4 4.6 
Alginite 0.0 0.2 0.0 0.0 0.0 
Liptodetrinite 1.0 1.2 2.6 1.0 1.4 
Suberinite 0.0 0.0 0.0 0.0 0.0 
Exsudatinite 0.2 0.0 0.2 0.0 0.0 
Silicate 0.2 0.0 0.0 1.6 1.2 
Sulfide 1.0 0.2 0.0 0.4 0.4 
Carbonate 0.0 0.0 0.0 0.0 0.0 

















Telinite 4.4 3.2 1.0 3.2 
Collotelinite 47.8 51.8 15.6 49.4 
Vitrodetrinite 0.0 0.6 1.6 7.6 
Collodetrinite 9.2 9.8 7.0 12.2 
Corpogelinite 0.4 0.4 0.4 1.6 
Gelinite 4.4 3.0 1.0 2.0 
Fusinite 3.4 5.2 9.6 1.2 
Semifusinite 2.0 4.6 17.8 0.0 
Micrinite 2.6 5.4 4.6 8.6 
Macrinite 2.4 5.2 9.6 0.0 
Secretinite 0.2 0.6 1.0 0.0 
Funginite 0.0 0.0 0.0 0.0 
Inertodetrinite 4.2 2.4 12.4 1.2 
Sporinite 6.8 5.6 8.8 3.4 
Cutinite 0.6 0.4 0.4 0.0 
Resinite 1.6 2.0 5.0 1.6 
Alginite 0.0 0.0 0.4 0.0 
Liptodetrinite 1.2 0.0 0.0 0.0 
Suberinite 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.0 0.0 0.0 
Silicate 5.0 0.2 0.0 4.2 
Sulfide 3.8 3.0 5.0 3.6 
Carbonate 0.0 0.0 0.0 0.0 

























Telinite 0.0 0.0 1.2 1.6 0.4 2.8 0.0  
Collotelinite 7.8 41.6 47.2 46.8 29.8 47.2 48.6  
Vitrodetrinite 0.8 0.0 0.6 0.2 0.4 0.2 1.4  
Collodetrinite 30.4 5.2 10.6 2.2 3.2 8.8 5.6  
Corpogelinite 1.4 0.4 0.8 2.8 1.4 2.2 0.8  
Gelinite 0.2 1.2 1.4 1.4 2.2 1.2 0.8  
Fusinite 1.4 13.2 4.0 6.8 4.0 2.8 15.6  
Semifusinite 0.4 4.8 14.0 2.6 13.2 5.4 3.2  
Micrinite 1.6 4.6 3.8 6.2 3.8 2.8 4.8  
Macrinite 0.0 1.0 1.2 0.4 5.8 2.4 1.8  
Secretinite 1.4 0.0 0.8 0.2 1.0 0.2 1.4  
Funginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
Inertodetrinite 14.6 16.0 2.2 8.4 12.6 0.8 8.8  
Sporinite 12.2 6.2 8.4 13.8 13.8 7.8 3.8  
Cutinite 0.0 0.0 0.4 0.8 0.2 0.4 0.6  
Resinite 15.2 5.2 2.2 3.8 6.0 5.0 2.0  
Alginite 0.0 0.0 0.0 0.2 0.0 0.4 0.0  
Liptodetrinite 8.8 0.2 0.4 0.6 0.6 1.6 1.2  
Suberinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
Exsudatinite 0.0 0.0 0.0 0.0 0.2 0.2 0.0  
Silicate 0.8 0.2 0.0 0.0 0.4 0.0 0.6  
Sulfide 3.0 0.2 0.4 0.8 0.6 0.6 0.0  
Carbonate 0.0 0.0 0.0 0.4 0.4 0.0 0.0  

























Telinite 0.6 0.0 1.2 0.0 0.0 0.4 0.0  
Collotelinite 34.0 44.8 10.0 46.2 29.2 34.4 45.8  
Vitrodetrinite 0.2 0.0 1.8 0.0 0.4 0.0 0.4  
Collodetrinite 5.6 5.6 8.8 2.6 7.0 3.2 6.8  
Corpogelinite 1.0 0.4 0.6 3.0 1.0 3.4 0.6  
Gelinite 0.4 0.2 1.2 1.6 0.8 2.6 0.2  
Fusinite 8.2 11.4 2.0 8.0 3.4 5.8 10.2  
Semifusinite 3.6 7.2 9.6 1.0 16.6 11.0 4.6  
Micrinite 2.8 3.6 2.4 10.6 2.8 5.0 4.0  
Macrinite 5.8 0.0 6.4 1.6 3.2 2.6 1.8  
Secretinite 1.2 0.2 0.4 0.4 2.2 0.6 0.8  
Funginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
Inertodetrinite 12.6 9.2 26.6 5.0 14.4 11.8 8.6  
Sporinite 9.2 13.4 7.2 15.0 11.2 13.2 5.4  
Cutinite 0.2 0.0 0.0 0.2 0.2 0.8 0.4  
Resinite 6.0 4.0 14.6 2.6 4.2 4.2 7.0  
Alginite 0.2 0.0 1.2 0.0 0.2 0.2 0.0  
Liptodetrinite 0.8 0.0 5.2 1.0 2.2 0.6 1.0  
Suberinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
Exsudatinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
Silicate 0.4 0.0 0.6 0.4 0.6 0.0 1.6  
Sulfide 7.0 0.0 0.2 0.8 0.4 0.0 0.4  
Carbonate 0.2 0.0 0.0 0.0 0.0 0.0 0.0  























Telinite 1.0 0.0 0.6 0.2 0.6 0.2  
Collotelinite 17.0 51.2 34.6 32.4 43.2 49.8  
Vitrodetrinite 2.2 0.0 0.2 0.4 0.2 0.4  
Collodetrinite 7.2 1.0 11.8 7.6 4.8 2.2  
Corpogelinite 1.8 1.2 1.2 2.4 0.8 2.0  
Gelinite 2.8 2.4 1.0 1.8 1.0 1.0  
Fusinite 2.4 5.2 1.4 1.6 4.8 13.8  
Semifusinite 18.2 4.4 15.0 14.4 10.8 4.6  
Micrinite 3.0 5.4 2.8 3.6 1.8 5.8  
Macrinite 8.6 0.4 1.8 2.2 2.0 1.2  
Secretinite 2.4 0.2 1.0 1.2 1.0 1.2  
Funginite 0.0 0.0 0.0 0.0 0.0 0.0  
Inertodetrinite 14.2 9.4 13.4 9.0 9.0 6.4  
Sporinite 9.4 13.0 7.8 17.0 12.8 6.8  
Cutinite 0.2 0.4 0.4 0.0 1.2 0.0  
Resinite 8.0 3.6 3.6 3.4 4.4 3.4  
Alginite 0.0 0.6 0.0 0.0 0.0 0.0  
Liptodetrinite 1.4 0.4 2.6 1.8 0.8 1.0  
Suberinite 0.0 0.0 0.0 0.0 0.0 0.0  
Exsudatinite 0.0 0.2 0.0 0.2 0.0 0.2  
Silicate 0.0 0.6 0.0 0.6 0.0 0.0  
Sulfide 0.2 0.4 0.8 0.2 0.6 0.0  
Carbonate 0.0 0.0 0.0 0.0 0.2 0.0  

























Telinite 0.6 0.0 0.4 0.6 0.0 0.2 3.4  
Collotelinite 56.2 32.8 39.2 47.8 51.6 39.4 54.2  
Vitrodetrinite 0.0 0.0 0.8 0.0 0.8 0.0 0.0  
Collodetrinite 2.2 7.6 7.4 12.2 6.0 17.4 9.8  
Corpogelinite 1.2 0.8 0.6 2.0 1.0 0.4 2.4  
Gelinite 1.4 0.6 0.2 1.2 0.4 0.0 0.0  
Fusinite 1.0 16.2 1.8 9.4 9.0 12.2 7.0  
Semifusinite 7.6 8.6 7.8 4.4 4.8 7.4 2.2  
Micrinite 3.8 3.0 1.6 3.8 2.0 4.2 4.0  
Macrinite 3.4 0.8 4.6 1.0 1.4 2.2 1.2  
Secretinite 0.2 10 0.6 0.6 0.8 0.2 0.2  
Funginite 0.0 0.0 0.2 0.0 0.0 0.0 0.0  
Inertodetrinite 4.4 11.0 13.6 1.0 7.8 4.8 3.6  
Sporinite 9.2 9.8 12.2 12.2 9.2 9.4 9.8  
Cutinite 1.4 0.2 0.2 1.0 0.2 0.4 1.0  
Resinite 4.4 6.8 6.4 2.2 1.6 0.8 0.8  
Alginite 0.4 0.0 0.0 0.0 0.0 0.0 0.0  
Liptodetrinite 1.0 0.8 2.4 0.2 2.8 0.0 0.0  
Suberinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0  
Exsudatinite 0.2 0.0 0.0 0.0 0.0 0.0 0.0  
Silicate 0.4 0.0 0.0 0.4 0.2 1.0 0.2  
Sulfide 1.0 0.0 0.0 0.0 0.4 0.0 0.0  
Carbonate 0.0 0.0 0.0 0.0 0.0 0.0 0.2  




















Telinite 1.2 1.0 1.2 0.4 0.2 
Collotelinite 47.8 52.8 52.8 66.8 6.8 
Vitrodetrinite 3.0 2.2 2.8 0.6 12.2 
Collodetrinite 16.0 14.6 14.0 12.0 0.2 
Corpogelinite 1.2 1.6 1.8 0.2 0.0 
Gelinite 2.0 2.0 1.6 0.0 0.0 
Fusinite 4.0 3.8 3.8 1.2 0.2 
Semifusinite 2.0 2.2 2.2 0.4 0.0 
Micrinite 4.2 2.4 2.4 1.4 0.0 
Macrinite 1.2 3.8 3.8 0.6 0.0 
Secretinite 0.4 0.6 0.8 0.0 0.0 
Funginite 0.0 0.0 0.0 0.0 0.0 
Inertodetrinite 4.0 4.0 4.2 1.8 0.4 
Sporinite 8.6 7.8 6.4 8.4 0.8 
Cutinite 0.0 0.6 0.6 0.4 0.0 
Resinite 1.6 1.2 1.6 2.4 0.8 
Alginite 0.8 0.8 1.0 1.2 0.2 
Liptodetrinite 0.0 0.0 0.0 0.2 0.2 
Suberinite 0.0 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.0 0.0 0.0 0.0 
Silicate 2.0 1.6 2.0 1.2 76.0 
Sulfide 0.0 0.0 0.0 0.6 0.6 
Carbonate 0.0 0.0 0.0 0.0 0.0 

















Telinite 1.0 4.0 0.0 1.6 
Collotelinite 36.4 43.4 20.2 33.6 
Vitrodetrinite 0.0 0.6 3.8 3.2 
Collodetrinite 11.2 11.0 12.0 10.4 
Corpogelinite 0.6 2.8 0.0 1.2 
Gelinite 0.6 3.0 0.2 1.6 
Fusinite 1.2 3.0 0.2 3.2 
Semifusinite 8.0 4.6 0.4 1.0 
Micrinite 2.2 2.0 0.6 0.8 
Macrinite 2.2 0.4 0.2 0.0 
Secretinite 0.8 0.0 0.4 0.0 
Funginite 0.0 0.0 0.0 0.0 
Inertodetrinite 7.0 5.2 1.6 0.2 
Sporinite 8.6 11.8 2.6 2.2 
Cutinite 2.0 0.4 0.4 0.6 
Resinite 2.8 4.6 1.8 3.6 
Alginite 0.2 0.6 0.0 0.0 
Liptodetrinite 4.0 1.2 0.2 0.2 
Suberinite 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.0 0.0 0.0 
Silicate 0.4 1.0 51.6 29.2 
Sulfide 1.8 0.2 3.8 7.4 
Carbonate 0.0 0.2 0.0 0.0 




















Telinite 2.4 0.0 1.8 0.0 12.0 
Collotelinite 36.4 7.8 45.0 42.4 94.0 
Vitrodetrinite 2.4 0.0 1.0 0.6 4.0 
Collodetrinite 9.2 20.6 7.6 11.4 114.0 
Corpogelinite 0.4 0.0 1.2 0.2 6.0 
Gelinite 1.6 0.0 2.0 0.2 3.0 
Fusinite 2.8 0.0 2.6 11.0 12.0 
Semifusinite 0.8 0.0 3.2 2.4 76.0 
Micrinite 0.4 0.0 3.8 1.4 0.0 
Macrinite 0.0 0.0 1.2 0.8 73.0 
Secretinite 0.0 0.0 0.0 0.4 0.0 
Funginite 0.0 0.0 0.0 0.0 0.0 
Inertodetrinite 0.0 0.0 3.4 6.8 15.0 
Sporinite 1.2 0.0 7.6 10.6 39.0 
Cutinite 0.4 0.4 0.4 0.8 9.0 
Resinite 3.2 5.6 5.0 3.2 37.0 
Alginite 0.0 0.0 1.6 0.6 0.0 
Liptodetrinite 0.4 0.0 1.2 0.4 0.0 
Suberinite 0.0 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.0 0.0 0.0 0.0 
Silicate 28.4 60.6 7.4 1.8 0.0 
Sulfide 10.0 5.0 3.6 5.0 6.0 
Carbonate 0.0 0.0 0.4 0.0 0.0 

















Telinite 0.2 0.0 1.4 0.0 
Collotelinite 28.6 18.4 29.6 47.0 
Vitrodetrinite 0.4 0.4 0.2 0.4 
Collodetrinite 22.4 22.2 17.0 14.6 
Corpogelinite 0.2 0.4 0.4 0.6 
Gelinite 1.4 0.8 0.2 0.2 
Fusinite 8.0 5.0 8.2 14.6 
Semifusinite 7.0 12.8 9.8 3.4 
Micrinite 0.0 0.0 1.0 1.8 
Macrinite 2.6 6.2 4.0 1.2 
Secretinite 1.0 0.8 1.4 0.6 
Funginite 0.0 0.0 0.0 0.0 
Inertodetrinite 10.6 4.6 11.2 3.8 
Sporinite 9.8 8.8 5.8 7.4 
Cutinite 1.2 0.4 1.8 0.8 
Resinite 3.8 4.4 6.8 2.8 
Alginite 0.2 2.2 0.0 0.0 
Liptodetrinite 0.0 1.8 1.0 0.0 
Suberinite 0.0 0.0 0.0 0.0 
Exsudatinite 0.0 0.4 0.0 0.0 
Silicate 2.0 9.4 0.2 0.4 
Sulfide 0.6 1.0 0.0 0.0 
Carbonate 0.0 0.0 0.0 0.4 









APPENDIX B: PALYNOLOGICAL DATA 
Table B.1. Palynology percentages of the total palynoflora assemblage for series 
41035—41041. 
Sample Number 41035 41036 41037 41038 41039 41040 41041 
Taxon/Plant Group        
Lycospora pellucida 2.8 0.4 1.2 0.4  2 4 
L. pusilla 3.6 3.6 0.8 8.8 1.2 18.8 13.2 
L. granulata 11.2 3.2 1.6 11.2 3.2 18.8 6.8 
L. orbicula 0.4  0.4    0.8 
L. micropapillata 1.6 3.2 2 0.8  1.2 1.6 
L. rotunda  1.2 0.4     
L. rugosa     0.4   
Granasporites medius 1.6 2 2.8 1.6 1.6 8 2.8 
Crassispora kosankei       0.4 
Total Lycopsid Trees 21.2 13.6 9.2 22.8 6.4 48.8 29.6 
Densosporites 
annulatus 
0.8 1.6  0.8 0.4   
D. sphaerotriangularis 1.2 7.2 3.2 1.2 1.2   
D. triangularis 2 0.4   0.8   
D. lobatus 0.4 10 1.2  1.2   
Radiizonates difformis 0.4    0.4   
Cristatisporites 
indignabundus 
 1.2      
Endosporites 
globiformis 
 1.2  0.4  0.4  
Cirratriradites saturni       0.4 
Anacanthotriletes 
spinosus 
       
Total Small Lycopsids 4.8 21.6 4.4 2.4 4 0.4 0.4 
Punctatisporites 
minutus 
49.2 27.6 48 48.4 64 34.4 42 
Punctatosporites 
minutus 
3.2 1.6 7.2  3.6 2.4 3.2 
P. rotundus 7.6 14.8 20 10.4 8 5.2 7.2 
P. granifer  1.2  0.8 0.8  0.4 
Laevigatosporites 
minimus 
 0.8 0.8   0.4 0.4 
L. perminutus        
L. globosus        
Apiculatisporites 
saetiger 
       
Total Tree Ferns 60 46 76 59.6 76.4 42.4 53.2 
Granulatisporites 
parvus 
1.2 0.4 1.2 0.4 3.2 1.6 3.2 
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G. piroformis 0.4    0.4   
G. granulatus   0.4     
G. verrucosus        
G. minutus        
G. pallidus        
Cyclogranisporites 
microgranus 
       
Lophotriletes 
microsaetosus 
       
L. granoornatus        
L. commissuralis 0.4 0.8  0.4   1.2 
L. mosaicus        
L. insignitus       0.4 
Leiotriletes 
subadnatoides 
   0.8 0.4 0.4 1.2 
L. adnatus        
L.priddyi        
L. sphaerotriangulus        
L. levis        
Acanthotriletes 
aculeolatus 
0.8 4.4 2.4 0.4  0.8 0.8 
A. triquetrus 0.4 1.2   2 0.4  
Pustulatisporites 
pustulatus 
       
Converrusosisporites 
converrucosus 
       
Savitrisporites nux     0.4   
Microreticulatisporites 
harrisonii 
       
Apiculatasporites 
spinulistratus 
   0.4    
Raistrickia abdita        
R. saetosa        
R. superba        
Verrucosisporites 
verrucosus 
  0.4     
V. sifati        
V. donarii   0.4 0.4 0.4  0.8 
V. microtuerosus        
Punctatisporites 
stramineus 
       
P. pseudolevatus        
P. punctatus        
P. aearius        
Total Small Ferns 3.2 6.8 4.8 3.2 6.8 3.2 7.6 
Calamospora 0.4 1.2   0.8  1.6 
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breviradiata 
C. pedata        
C. microrugosa        
C. parva        
Laevigatosporites 
minor 
6.4 8.8 3.2 10 4.8 4 4 
L. vulgaris   0.4     
Vestispora 
pseudoreticulata 
       
Reticulatisporites 
reticulatus 
       
R. muricatus        
Total Calamites 6.8 10 3.6 10 5.6 4 5.6 
Florinites florini 3.6 1.2 0.4 0.8 0.4 0.4 2.8 
F. mediapudens       0.4 
F. milloti  0.8 0.8     
F. similis        
F. pumicosus        
F. visendus    0.4    
Pityosporites 
westphalensis 
       
Total Cordaites 3.6 2 1.2 1.2 0.4 0.4 3.2 
Stenozonotriletes 
lycosporoides 
       
S. bracteolus        
Triquitrites sculptilis   0.4  0.4 0.8 0.4 
T bransonii 0.4       
Ahrensisporites 
guerickei 
       
Planisporites granifer        
Hymenospora 
paucirugosa 
   0.4    
Echinatisporites 
knoxiae 
       
Dictyotriletes 
bireticulatus 
       
Tantillus triquetrus   0.4 0.4    
Total Unknown 
Affinity 






Table B.2. Palynology percentages of the total palynoflora assemblage for series 
41042—41048. 
Sample Number  41042 41043 41044 41045 41046 41047 41048 
Taxon/Plant 
Group 
        
Lycospora 
pellucida 
 1.2 3.3  0.4 0.4 0.8 0.4 
L. pusilla  0.4 1   1.6 2 11.6 
L. granulata  2 1   1.6 8.8 11.2 
L. orbicula   1    0.4  
L. micropapillata   0.3   0.8  1.2 
L. rotunda   1      
L. rugosa      0.4   
Granasporites 
medius 
 1.6 2.3 0.8 0.8 1.2 1.2 1.6 
Crassispora 
kosankei 
 0.4 0.3      
Total Lycopsid 
Trees 
 5.6 10.2 0.8 1.2 6 13.2 26 
Densosporites 
annulatus 
  1  0.4  1.6  
D. 
sphaerotriangularis 
  0.3 8.4 0.4 4 1.6  
D. triangularis  0.4 2 2  1.6  0.4 
D. lobatus  0.4 1 0.8 0.4 1.6   
Radiizonates 
difformis 
     1.2   
Cristatisporites 
indignabundus 
 3.2 6 0.8 0.4    
Endosporites 
globiformis 
 0.4 2 0.4 1.2 0.4  1.2 
Cirratriradites 
saturni 
        
Anacanthotriletes 
spinosus 
      0.4  
Total Small 
Lycopsids 
 4.4 12.3 12.4 2.8 8.8 3.6 1.6 
Punctatisporites 
minutus 
 70 54 70 63.6 53.6 62 48 
Punctatosporites 
minutus 
 4.8 4.3 1.6 7.6 0.4 2.4 4.4 
P. rotundus  0.8 2 4.4 12.4 11.2 5.6 4.8 
P. granifer   1 0.8 0.4    
Laevigatosporites 
minimus 
 2 0.7      
L. perminutus         
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L. globosus         
Apiculatisporites 
saetiger 
        
Total Tree Ferns  77.6 62 76.8 84 65.2 70 57.2 
Granulatisporites 
parvus 
 5.2 1.3 1.6 4.4 2.8 4.4 3.2 
G. piroformis        0.4 
G. granulatus         
G. verrucosus         
G. minutus      1.6   
G. pallidus         
Cyclogranisporites 
microgranus 
        
Lophotriletes 
microsaetosus 
 0.4      0.4 
L. granoornatus         
L. commissuralis  0.4   0.4 2 0.4  
L. mosaicus         
L. insignitus         
Leiotriletes 
subadnatoides 
    0.4   0.4 
L. adnatus         
L.priddyi         
L. 
sphaerotriangulus 
        
L. levis         
Acanthotriletes 
aculeolatus 
 0.4 0.3 0.4  2.8   
A. triquetrus   1.7 0.4 0.4 1.2   
Pustulatisporites 
pustulatus 
      0.4  
Converrusosisporit
es converrucosus 
        
Savitrisporites nux         
Microreticulatispor
ites harrisonii 
        
Apiculatasporites 
spinulistratus 
        
Raistrickia abdita         
R. saetosa      0.4   
R. superba         
Verrucosisporites 
verrucosus 
  0.7 0.8  0.8 0.4  
V. sifati   0.7   0.4   
V. donarii     0.4    




        
P. pseudolevatus     0.4   0.4 
P. punctatus         
P. aearius        0.8 
Total Small Ferns  6.4 4.7 3.2 6.4 12 5.6 5.6 
Calamospora 
breviradiata 
 0.8 1 2  1.2  0.4 
C. pedata         
C. microrugosa   0.3    0.4  
C. parva         
Laevigatosporites 
minor 
 4.4 7.3 1.6 4.4 3.6 6 5.6 
L. vulgaris      0.4 0.8  
Vestispora 
pseudoreticulata 
        
Reticulatisporites 
reticulatus 
        
R. muricatus         
Total Calamites  5.2 8.6 3.6 4.4 5.2 7.2 6 
Florinites florini  0.8 0.3  0.4 0.8  3.6 
F. mediapudens         
F. milloti      0.4   
F. similis         
F. pumicosus         
F. visendus         
Pityosporites 
westphalensis 
        
Total Cordaites  0.8 0.3 0 0.4 1.2 0 3.6 
Stenozonotriletes 
lycosporoides 
        
S. bracteolus         
Triquitrites 
sculptilis 
  1 0.4  0.4   
T bransonii      0.8   
Ahrensisporites 
guerickei 
        
Planisporites 
granifer 
        
Hymenospora 
paucirugosa 
    0.4    
Echinatisporites 
knoxiae 
        
Dictyotriletes 
bireticulatus 
  1  0.4    
























Table B.3. Palynology percentages of the total palynoflora assemblage for series 
41049—41054. 
Sample Number  41049 41050 41051 41052 41053 41054 
Taxon/Plant Group        
Lycospora pellucida  0.4 0.8 0.8  1.2 8.8 
L. pusilla  0.4 1.6 1.2  10 14.4 
L. granulata  1.6 2 1.2 0.4 17.2 15.2 
L. orbicula  1.6     0.4 
L. micropapillata  0.4    5.2 0.8 
L. rotunda      0.4  
L. rugosa     0.4   
Granasporites 
medius 
 0.8 0.4 1.6  2.8 3.6 
Crassispora kosankei  0.4    0.4 0.4 
Total Lycopsid 
Trees 
 5.6 4.8 4.8 0.8 37.2 43.6 
Densosporites 
annulatus 
   0.4    
D. 
sphaerotriangularis 
 2 0.8 6.4 3.2 0.4  
D. triangularis  1.6      
D. lobatus  0.4  1.6 2   
Radiizonates 
difformis 
    0.4  0.4 
Cristatisporites 
indignabundus 
 0.8 0.4     
Endosporites 
globiformis 
 2.4 2 0.4  0.4 0.4 
Cirratriradites 
saturni 
    0.4   
Anacanthotriletes 
spinosus 
    0.4   
Total Small 
Lycopsids 
 7.2 3.2 8.8 6.4 0.8 0.8 
Punctatisporites 
minutus 
 63.6 74.8 61.2 66.4 44.4 28.8 
Punctatosporites 
minutus 
 4.8 1.2 2 3.2 2.4 2 
P. rotundus  2.4 2 6 12 1.2 0.8 
P. granifer  0.4      
Laevigatosporites 
minimus 
  0.4   0.4  
L. perminutus        
L. globosus        
Apiculatisporites 
saetiger 
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Total Tree Ferns  71.2 78.4 69.2 81.6 48.4 31.6 
Granulatisporites 
parvus 
 0.4 3.6 3.2 2.8 2 6.8 
G. piroformis   0.8 0.8  1.2  
G. granulatus        
G. verrucosus        
G. minutus        
G. pallidus   0.4     
Cyclogranisporites 
microgranus 
       
Lophotriletes 
microsaetosus 
   0.4    
L. granoornatus       0.8 
L. commissuralis    2.4 0.4  1.2 
L. mosaicus        
L. insignitus        
Leiotriletes 
subadnatoides 
      0.4 
L. adnatus        
L.priddyi        
L. sphaerotriangulus        
L. levis       0.4 
Acanthotriletes 
aculeolatus 
 0.8 0.4 2 0.4 0.4  
A. triquetrus  2  2   1.2 
Pustulatisporites 
pustulatus 
       
Converrusosisporites 
converrucosus 
     0.4  
Savitrisporites nux    0.4    
Microreticulatisporit
es harrisonii 
       
Apiculatasporites 
spinulistratus 
      0.4 
Raistrickia abdita        
R. saetosa        
R. superba        
Verrucosisporites 
verrucosus 
 0.4  0.4 0.4 0.8  
V. sifati  0.4   0.4   
V. donarii    0.4    
V. microtuerosus        
Punctatisporites 
stramineus 
       
P. pseudolevatus        
P. punctatus   0.4     
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P. aearius        
Total Small Ferns  4 5.6 12 4.4 4.8 11.2 
Calamospora 
breviradiata 
 0.8   0.8 1.2  
C. pedata       0.4 
C. microrugosa       0.4 
C. parva       0.4 
Laevigatosporites 
minor 
 6.8 5.2 3.2 3.6 5.2 6.8 
L. vulgaris  2 0.8 0.4 0.8 0.4 0.8 
Vestispora 
pseudoreticulata 
       
Reticulatisporites 
reticulatus 
       
R. muricatus        
Total Calamites  9.6 6 3.6 5.2 6.8 8.8 
Florinites florini   1.6 0.8 1.6 1.2 0.8 
F. mediapudens    0.4  0.4 0.8 
F. milloti        
F. similis        
F. pumicosus        
F. visendus        
Pityosporites 
westphalensis 
       
Total Cordaites  1.6 1.6 1.2 1.6 1.6 1.6 
Stenozonotriletes 
lycosporoides 
       
S. bracteolus        
Triquitrites sculptilis  0.4 0.4    1.6 
T bransonii    0.4    
Ahrensisporites 
guerickei 
       
Planisporites 
granifer 
       
Hymenospora 
paucirugosa 
     0.4  
Echinatisporites 
knoxiae 
       
Dictyotriletes 
bireticulatus 
 1.2      
Tantillus triquetrus       0.8 
Total Unknown 
Affinity 




Table B.4. Palynology percentages of the total palynoflora assemblage for series 
41055—41061. 
Sample Number  41055 41056 41057 41058 41059 41060 41061 
Taxon/Plant 
Group 
        
Lycospora 
pellucida 
 4 2 0.8   0.8 4.4 
L. pusilla  16 4 1.2 1.6  6.4 16 
L. granulata  20  1.2 2.8 0.4 14.8 14 
L. orbicula  0.8      0.4 
L. micropapillata  2.4     0.4 3.2 
L. rotunda  0.8 1.6      
L. rugosa         
Granasporites 
medius 
 3.2 1.6 0.4 0.8  2 4 
Crassispora 
kosankei 
        
Total Lycopsid 
Trees 
 47.2 9.2 3.6 5.2 0.4 24.4 42 
Densosporites 
annulatus 
 2.4      3.2 
D. 
sphaerotriangularis 
  4.8 5.2 0.4 0.8 0.4  
D. triangularis   2 0.4     
D. lobatus   1.6 0.8     
Radiizonates 
difformis 
  0.8 0.8 0.8    
Cristatisporites 
indignabundus 
        
Endosporites 
globiformis 
 4 0.4 0.4 0.4 0.8 0.8  
Cirratriradites 
saturni 
        
Anacanthotriletes 
spinosus 
        
Total Small 
Lycopsids 
 6.4 9.6 7.6 1.6 1.6 1.2 3.2 
Punctatisporites 
minutus 
 26.4 59.6 75.2 64.4 78.4 52.8 27.6 
Punctatosporites 
minutus 
 2 1.6 3.2 2 6.4 3.2 3.2 
P. rotundus  2.4 4 2 11.2 1.6 4.4 3.6 
P. granifer  0.4    0.4   
Laevigatosporites 
minimus 
 0.4 0.8   1.2 0.8  
L. perminutus         
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L. globosus         
Apiculatisporites 
saetiger 
        
Total Tree Ferns  31.6 66 80.4 77.6 88 61.2 34.4 
Granulatisporites 
parvus 
 0.4 0.4 1.6 3.6 1.6 2.8 0.4 
G. piroformis        0.8 
G. granulatus         
G. verrucosus        0.4 
G. minutus     0.4    
G. pallidus         
Cyclogranisporites 
microgranus 
        
Lophotriletes 
microsaetosus 
  0.4   0.4   
L. granoornatus         
L. commissuralis    0.4  0.4  1.2 
L. mosaicus         
L. insignitus         
Leiotriletes 
subadnatoides 
 0.4  0.4  1.2 2.4 3.2 
L. adnatus      1.6  0.4 
L.priddyi         
L. 
sphaerotriangulus 
        
L. levis  0.4 0.8      
Acanthotriletes 
aculeolatus 
 1.2 0.4      
A. triquetrus  0.4 2.4 2 1.2 0.4  0.4 
Pustulatisporites 
pustulatus 
        
Converrusosisporit
es converrucosus 
        
Savitrisporites nux         
Microreticulatispor
ites harrisonii 
        
Apiculatasporites 
spinulistratus 
        
Raistrickia abdita   0.4      
R. saetosa      0.4   
R. superba         
Verrucosisporites 
verrucosus 
  0.4  0.4    
V. sifati         
V. donarii    0.8     




        
P. pseudolevatus         
P. punctatus         
P. aearius   0.4      
Total Small Ferns  2.8 5.6 5.2 5.6 6 5.2 6.8 
Calamospora 
breviradiata 
 0.8 2 0.4 1.2 0.4 1.2 0.4 
C. pedata      0.4   
C. microrugosa     0.4 0.4   
C. parva     0.8    
Laevigatosporites 
minor 
 6.8 6 2 4.8 2 6.4 7.2 
L. vulgaris  0.8 0.4 0.4    0.4 
Vestispora 
pseudoreticulata 
        
Reticulatisporites 
reticulatus 
        
R. muricatus         
Total Calamites  8.4 8.4 2.8 7.2 3.2 7.6 8 
Florinites florini  0.8   0.8   3.6 
F. mediapudens  0.8 0.4   0.4  0.8 
F. milloti         
F. similis         
F. pumicosus        0.8 
F. visendus         
Pityosporites 
westphalensis 
        
Total Cordaites  1.6 0.4 0 0.8 0.4 0 5.2 
Stenozonotriletes 
lycosporoides 
        
S. bracteolus         
Triquitrites 
sculptilis 
 1.6   0.8  0.4  
T bransonii         
Ahrensisporites 
guerickei 
        
Planisporites 
granifer 
        
Hymenospora 
paucirugosa 
  0.4      
Echinatisporites 
knoxiae 
        
Dictyotriletes 
bireticulatus 
 0.4   1.2    










































Table B.5. Palynology percentages of the total palynoflora assemblage for series 6468—
6476. 
Sample Number 6468 6469 6470 6471 6472 6473 6474 6475 6476 
Taxon/Plant Group          
Lycospora pellucida 2.8 1.6 4 6.4 4.4 1.2 6.8 2 2.4 
L. pusilla 13.2 4.4 18 18 5.6 14.8 26.4 3.6 2.4 
L. granulata 16 13.6 16.8 13.2 10 21.6 22.8 7.6 6.8 
L. orbicula 18 0.8 11.2 32 2.8 1.2 6.4 21.6 9.2 
L. micropapillata 37.6 1.2 15.6 10.4 14 1.2 7.6 40 70 
L. rotunda  0.4    0.4    
L. rugosa          
Granasporites medius 4 6.8 2.4 3.2 0.8 2.4 3.2  0.4 
Crassispora kosankei 0.8  2 0.8 0.8 1.2    
Total Lycopsid Trees 92.4 28.8 70 84 38.4 44 73.2 74.8 91.2 
Densosporites 
annulatus 
0.4 1.2    0.4 1.6 0.4  
D. sphaerotriangularis 1.2 5.6   0.8 0.4    
D. triangularis          
D. lobatus          
Radiizonates difformis          
Cristatisporites 
indignabundus 
 5.2   2 0.4  0.8  
Endosporites 
globiformis 
 0.4 1.2 2.4 3.2 0.4 0.4  0.4 
Cirratriradites saturni   0.4    0.4   
Anacanthotriletes 
spinosus 
         
Total Small 
Lycopsids 
1.6 12.4 1.6 2.4 6 1.6 2.4 1.2 0.4 
Punctatisporites 
minutus 
 22.8 7.6 3.2 8.8 31.6 8.4 6.4 2.8 
Punctatosporites 
minutus 
    0.4   1.6 0.4 
P. rotundus 0.4 1.2 0.4  0.8 2.4    
P. granifer 0.4 1.2        
Laevigatosporites 
minimus 
 0.8 0.4 0.4 0.4     
L. perminutus          
L. globosus          
Apiculatisporites 
saetiger 
         
Total Tree Ferns 0.8 26 8.4 3.6 10.4 34 8.4 8 3.2 
Granulatisporites 
parvus 
 5.6 1.2 0.4 1.6 1.2 2.4 1.2 0.4 
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G. piroformis          
G. granulatus 0.4    0.4  0.8   
G. verrucosus          
G. minutus          
G. pallidus          
Cyclogranisporites 
microgranus 
         
C. aureus     0.4    0.8 
Lophotriletes 
microsaetosus 
 0.4   0.8  0.4 1.2 0.8 
L. granoornatus          
L. commissuralis 1.2  0.8  2 0.4 0.4 4.4  
L. mosaicus          
L. insignitus          
Leiotriletes 
subadnatoides 
 0.8 0.4 0.4 4 1.6 2 1.2  
L. adnatoides    0.4 3.2 0.4  0.4 0.4 
L. adnatus          
L.priddyi       0.4   
L. sphaerotriangulus          
L. levis     0.4     
Acanthotriletes 
aculeolatus 
 3.2 0.8  0.4 0.4    
A. triquetrus  2.4 0.4  0.4 0.4  0.4  
Pustulatisporites 
pustulatus 
         
Converrusosisporites 
converrucosus 
 0.4    0.4    
Savitrisporites nux        0.4  
Microreticulatisporites 
nobilis 
    0.4     
Apiculatasporites 
spinulistratus 
    0.4 0.4    
Raistrickia abdita       0.4   
R. saetosa  0.4        
R. superba          
Verrucosisporites 
verrucosus 
         
V. sifati       0.4   
V. donarii    0.4      
V. microtuerosus          
Punctatisporites 
stramineus 
         
P. pseudolevatus          
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P. punctatus   0.4  0.8     
P. aearius          
Total Small Ferns 1.6 13.2 4 1.6 15.2 5.2 7.2 9.2 2.4 
Calamospora 
breviradiata 
 1.2 1.6 2.8 1.2 0.8    
C. pedata  0.4  0.4      
C. microrugosa  0.4 0.4 0.4      
C. parva          
Laevigatosporites 
minor 
2 10 7.2 2.4 16.4 7.2 6 3.6 2 
L. vulgaris  1.2   0.4 0.8    
Vestispora 
pseudoreticulata 
         
V. laevigata 0.4         
Reticulatisporites 
reticulatus 
         
R. muricatus       0.4   
Total Calamites 2.4 13.2 9.2 6 18 8.8 6.4 3.6 2 
Florinites florini 1.2 5.6 4.4 1.2 11.6 4.4  2.8 0.8 
F. mediapudens  0.8 2 0.8  1.2 1.2 0.4  
F. milloti          
F. similis          
F. pumicosus          
F. visendus          
Vesicaspora wilsonii          
Total Cordaites 1.2 6.4 6.4 2 11.6 5.6 1.2 3.2 0.8 
Stenozonotriletes 
lycosporoides 
         
S. bracteolus          
Triquitrites sculptilis     0.4     
T bransonii          
T. tribullatus       0.4   
Ahrensisporites 
guerickei 
         
Planisporites granifer          
Hymenospora 
paucirugosa 
         
Echinatisporites 
knoxiae 
     0.4    
Dictyotriletes 
bireticulatus 
  0.4 0.4   0.8   
Tantillus triquetrus      0.4    
Total Unknown 
Affinity 
0 0 0.4 0.4 0.4 0.8 1.2 0 0 
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Table B.6. Palynology percentages of the total palynoflora assemblage for series 6477—
6485. 
Sample Number 6477 6478 6479 6480 6481 6482 6483 6484 6485 
Taxon/Plant Group          
Lycospora pellucida 1.2 18 6 2 2   0.4  
L. pusilla 13.2 12 14 15.2 9.6 0.8 9.2 5.2 10.8 
L. granulata 10 9.6 2.4 22.4 8 5.2 6 6 11.6 
L. orbicula 2 4.4 18 1.2   0.4 0.4 0.8 
L. micropapillata 2 14.8 10.8 2 0.8  1.6 0.4 1.2 
L. rotunda  0.8 12.4       
L. rugosa          
Granasporites 
medius 
2.4 0.8 4.4 4 2.4 0.4 1.6 3.2 4.8 
Crassispora kosankei          
Total Lycopsid 
Trees 
30.8 60.4 68 46.8 22.8 6.4 18.8 15.6 29.2 
Densosporites 
annulatus 
  1.2    0.8  1.2 
D. 
sphaerotriangularis 
4.8 0.4 0.4  4 4 1.2 9.6  
D. triangularis 1.6         
D. lobatus 1.6   0.4 6 0.8 0.4 1.2 0.8 
Radiizonates 
difformis 
       0.8  
Cristatisporites 
indignabundus 
    0.4 1.6 0.8   
Endosporites 
globiformis 
 3.6 2 1.6  0.4 0.8 0.8 1.2 
Cirratriradites 
saturni 
         
Anacanthotriletes 
spinosus 
 0.4        
Total Small 
Lycopsids 
8 4.4 3.6 2 10.4 6.8 4 12.4 3.2 
Punctatisporites 
minutus 
30 2.8 6.8 20 43.6 40.8 43.2 34.4 25.2 
Punctatosporites 
minutus 
0.4     1.6 1.2 1.2 4.4 
P. rotundus 1.6 0.4 4 1.2 3.6 10 4.8 1.6 5.6 
P. granifer    0.4   0.4   
Laevigatosporites 
minimus 
0.8 1.6   1.6 1.6 0.4 1.2 0.8 
L. perminutus          




         
Total Tree Ferns 32.8 4.8 10.8 21.6 48.8 54 50 38.4 36 
Granulatisporites 
parvus 
3.2 3.2 2 5.2 2.8 7.2 5.2 4.8 4 
G. piroformis  0.4  0.4      
G. granulatus          
G. verrucosus    0.4      
G. minutus   1.6       
G. pallidus          
Cyclogranisporites 
microgranus 
         
C. aureus          
Lophotriletes 
microsaetosus 
0.4 3.2 0.8 0.4 0.8  0.4  0.4 
L. granoornatus        0.4 0.4 
L. commissuralis 1.6 6.4  0.8 2 1.2  2.8  
L. mosaicus          
L. insignitus 0.4         
Leiotriletes 
subadnatoides 
1.2 1.2 0.8   2.4 2 0.8 2.4 
L. adnatoides     1.2  1.6 0.4  
L. adnatus          
L.priddyi          
L. sphaerotriangulus          
L. levis  2  1.2      
Acanthotriletes 
aculeolatus 
0.4 2.4 0.4 0.4 1.2 0.8 1.2 1.2  
A. triquetrus 2.8 0.4  0.4 2.4 2 1.6 3.6 2.8 
Pustulatisporites 
pustulatus 
         
Converrusosisporites 
converrucosus 
       0.4  
Savitrisporites nux  0.8       0.4 
Microreticulatisporit
es nobilis 
         
Apiculatasporites 
spinulistratus 
         
Raistrickia abdita  0.4        
R. saetosa          
R. superba          
Verrucosisporites 
verrucosus 
   0.4 0.8 0.4  0.4 0.4 
V. sifati 0.4  0.4   0.4  0.4  
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V. donarii  0.4    0.4    
V. microtuerosus          
Punctatisporites 
stramineus 
         
P. pseudolevatus          
P. punctatus  0.4        
P. aearius          
Total Small Ferns 10.4 21.2 6 9.6 11.2 14.8 12 15.2 10.8 
Calamospora 
breviradiata 
1.2 0.8 0.8 2.4 0.8 0.8  0.4  
C. pedata          
C. microrugosa          
C. parva          
Laevigatosporites 
minor 
8.4 5.6 5.2 5.6 2 8 8.4 7.2 11.2 
L. vulgaris 0.4  0.8 0.4   2 0.4  
Vestispora 
pseudoreticulata 
         
Reticulatisporites 
reticulatus 
         
R. muricatus          
Total Calamites 10 6.4 6.8 8.4 2.8 8.8 10.4 8 11.2 
Florinites florini 5.2 2 2.4 9.2 2 6.4 2 8.8 7.6 
F. mediapudens 2 0.8 1.2 1.6  0.4  0.4 0.8 
F. milloti 0.4  0.4 0.4    0.4  
F. similis       0.4  0.4 
F. pumicosus          
F. visendus     0.4     
Vesicaspora wilsonii   0.4       
Total Cordaites 7.6 2.8 4.4 11.2 2.4 6.8 2.4 9.6 8.8 
Stenozonotriletes 
lycosporoides 
         
S. bracteolus          
Triquitrites sculptilis   0.4       
T bransonii 0.4    1.2 1.2 0.4  0.4 
T. tribullatus          
Ahrensisporites 
guerickei 
    0.4  0.4   
Planisporites 
granifer 
         
Hymenospora 
paucirugosa 
         
Echinatisporites 
knoxiae 




     0.4 0.8 0.8 0.4 
Tantillus triquetrus    0.4  0.8 0.8   
Total Unknown 
Affinity 






























APPENDIX C: GEOCHEMICAL DATA 
 
Table C.1. Geochemical data for series 4477—4488. 
Sample ID %Ash %Moisture %S 
4477 11.52 2.23 0.82 
4478 19.46 2.40 0.47 
4479 10.34 2.48 0.53 
4480 6.41 2.72 0.52 
4481 16.79 1.92 1.07 
4482 4.82 2.54 0.50 
4483 4.36 2.20 0.50 
4484 2.85 2.49 0.56 
4485 3.52 2.81 0.56 
4486 11.13 2.22 0.51 
4487 8.77 2.26 0.61 








%Ash %Moisture %S 
4489 7.38 2.26 0.67 
4490 22.58 2.30 0.46 
4491 5.76 2.79 0.56 
4492 3.90 2.73 0.52 
4493 3.73 2.69 0.50 
4494 4.47 2.11 0.51 
4495 2.64 2.55 0.64 
4496 3.90 2.55 0.65 
4497 12.3 2.14 0.50 
4498 8.10 2.13 0.64 








%Ash %Moisture %S 
4500 11.76 2.55 2.57 
4501 61.75 1.91 2.61 
4502 8.17 2.80 0.63 
4503 48.2 1.88 0.33 
4504 8.72 2.78 0.52 
4505 3.52 2.54 0.54 
4506 6.89 2.01 0.52 
4507 2.49 2.70 0.59 
4508 3.52 2.60 0.64 
4509 14.01 2.12 0.53 
4510 7.76 2.32 0.68 








%Ash %Moisture %S 
4599 9.53 2.63 0.57 
4600 7.66 2.97 0.55 
4601 3.59 5.44 0.64 
4602 4.59 3.40 0.63 
4603 7.99 3.13 0.45 
4604 3.59 2.88 0.57 
4605 3.92 3.35 0.62 
4606 3.06 3.29 0.90 








%Ash %Moisture %S 
4978 2.40 3.10 1.04 
4979 2.37 2.33 0.62 
4980 3.17 2.52 0.55 
4981 11.87 2.46 0.62 
4982 6.81 2.34 0.70 
4983 6.69 2.19 1.34 
4984 4.37 2.66 1.95 
4985 9.23 2.77 0.91 




                         Table C.6. Geochemical data for series 41035—41041. 
Sample 
ID 
%Ash %Moisture %VM %FC %C %H 
41035 53.35 1.36 22.49 22.8 35.6 2.87 
41036 6.29 2.93 36.9 53.88 76.81 5.3 
41037 5.79 3.13 38.23 52.85 76.43 5.39 
41038 7.13 2.96 36.89 53.02 75.03 5.24 
41039 11.91 2.47 35.23 50.39 72.22 4.93 
41040 2.64 3.16 38.12 56.08 79.64 5.6 




%N %S %O %PyrS %SulfS %OrgS 
41035 0.65 0.27 7.26 0.14 0.02 0.11 
41036 1.57 0.69 9.34 0.22 0.02 0.45 
41037 1.73 0.54 10.12 0.12 0.02 0.4 
41038 1.64 0.82 10.14 0.33 0.02 0.47 
41039 1.5 0.38 9.06 0.04 0.01 0.33 
41040 1.62 0.46 10.04 0.02 0.01 0.43 






























                          Table C.7. Geochemical data for series 41042—41048. 
Sample 
ID 
%Ash %Moisture %VM %FC %C %H 
41042 8.36 2.85 35.38 53.41 74.11 5.04 
41043 3.49 2.95 40.49 53.07 79.09 5.73 
41044 6.53 2.7 33.67 57.1 77.81 4.94 
41045 4.46 2.44 42.33 50.77 78.07 5.71 
41046 6.79 3.11 35.78 54.32 75.73 5.23 
41047 5.31 2.21 39.12 53.36 77.92 5.44 




%N %S %O %PyrS %SulfS %OrgS 
41042 1.49 2.28 8.72 1.6 0.05 0.63 
41043 1.59 0.59 9.51 0.12 <0.01 0.47 
41044 1.41 0.38 8.93 0.01 <0.01 0.37 
41045 1.79 0.82 9.15 0.22 <0.01 0.6 
41046 1.52 0.62 10.11 0.2 <0.01 0.42 
41047 1.63 0.43 9.27 0.02 0.01 0.4 





























                         Table C.8. Geochemical data for series 41049—41054. 
Sample 
ID 
%Ash %Moisture %VM %FC %C %H 
41049 6.26 2.76 35.03 55.95 78.21 5.1 
41050 2.09 2.75 41.24 53.92 80.01 5.79 
41051 4.42 3.14 36.52 55.92 78.12 5.31 
41052 4.83 2.38 40.82 51.97 78.5 5.6 
41053 3.57 3.35 37.94 55.14 78.76 5.46 




%N %S %O %PyrS %SulfS %OrgS 
41049 1.41 0.37 8.65 0.02 <0.01 0.35 
41050 1.88 0.48 9.75 0.02 <0.01 0.46 
41051 1.65 0.41 10.09 0.02 <0.01 0.39 
41052 1.62 0.39 9.06 0.02 <0.01 0.37 
41053 1.55 0.56 10.1 0.15 0.01 0.4 































                         Table C.9. Geochemical data for series 41055—41061. 
Sample 
ID 
%Ash %Moisture %VM %FC %C %H 
41055 3.05 5.68 36.3 54.97 75.94 5.5 
41056 3.73 4.24 36.21 55.82 77.52 5.24 
41057 3.24 5.4 37.94 53.42 79.45 5.36 
41058 3.44 7.42 38.25 50.89 73.25 5.63 
41059 4.98 5.05 38.71 51.26 74.66 5.75 
41060 5.09 5.51 35.89 53.51 74.69 5.43 




%N %S %O %PyrS %SulfS %OrgS 
41055 1.5 0.56 13.45 0.03 <0.01 0.53 
41056 1.49 0.46 11.56 0.02 <0.01 0.44 
41057 1.64 0.48 9.83 0.02 <0.01 0.46 
41058 1.67 0.5 15.51 0.02 0.01 0.47 
41059 1.68 0.49 12.44 0.02 0.01 0.46 
41060 1.48 0.44 12.87 0.02 <0.01 0.42 
















Table C.10. Geochemical data for series 6468—6476. 
Sample 
ID 
%Ash %Moisture %VM %FC %C %H 
6468 51.43 3.65 21.28 23.64 34.79 3.18 
6469 6.21 3.43 39.25 51.11 75.88 5.64 
6470 13.89 3.66 35.15 47.30 69.12 5.29 
6471 9.38 4.37 35.66 50.59 72.33 5.43 
6472 89.35 2.01 7.90 0.74 2.78 1.02 
6473 3.70 3.44 40.56 52.30 79.33 5.98 
6474 5.18 3.67 38.45 52.70 76.98 5.76 
6475 75.45 2.82 12.85 8.88 13.99 1.93 
6467 58.33 3.96 18.27 19.44 27.24 2.75 
 
Sample ID %N %S %O %PyrS %SulfS %OrgS 
6468 0.77 0.51 9.33 0.28 <0.01 0.23 
6469 1.69 0.62 9.96 0.06 <0.01 0.56 
6470 1.52 0.64 9.54 0.08 <0.01 0.56 
6471 1.59 0.76 10.51 0.11 <0.01 0.65 
6472 0.08 0.04 6.73 
   6473 1.65 0.76 8.58 0.10 <0.01 0.66 
6474 1.65 0.78 9.65 0.05 <0.01 0.73 
6475 0.32 0.25 8.06    















Table C.11. Geochemical data for series 6477—6485. 
Sample 
ID 
%Ash %Moisture %VM %FC %C %H 
6477 12.93 2.04 33.76 51.27 71.96 4.98 
6478 86.32 1.39 9.21 3.08 5.85 1.19 
6479 21.22 2.08 33.30 43.40 64.18 4.76 
6480 10.42 2.41 35.77 51.40 73.75 5.22 
6481 14.63 2.06 30.32 52.99 71.40 4.59 
6482 14.67 2.08 33.90 49.35 70.47 4.95 
6483 21.71 2.11 26.50 49.68 64.44 4.08 
6484 7.81 2.00 35.62 54.57 77.71 5.21 




%N %S %O %PyrS %SulfS %OrgS 
6477 1.55 0.85 7.73 0.19 <0.01 0.66 
6478 0.18 0.22 6.24 
   6479 1.46 1.46 6.92 0.69 <0.01 0.77 
6480 1.66 1.85 7.10 0.75 0.01 1.09 
6481 1.42 0.81 7.15 0.11 <0.01 0.70 
6482 1.63 0.66 7.62 0.02 <0.01 0.64 
6483 1.33 0.50 7.94 0.02 <0.01 0.48 
6484 1.64 0.68 6.95 0.01 <0.01 0.67 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX E: FIELD DESCRIPTIONS 
 Table E.1. Sample description of measured section 4477 —4488. 






4477 Clarain 1.5 1.5 
 Dull Clarain 1.7 3.2 
 Clarain 6.5 9.7 
4478 Clarain 6.8 16.5 
 Dull Clarain 1.2 17.7 
 Bright Clarain 0.4 18.1 
 Dull Clarain 1.4 19.5 
 Parting 9.5 29.0 
 Dull Clarain 0.3 29.3 
 Parting 10.2 39.5 
4479 Dull Clarain 0.8 40.3 
 Bright Clarain 0.9 41.2 
 Parting 0.1 41.3 
 Clarain 7.7 49.0 
4480 Bright Clarain 4.5 53.5 
 Dull Clarain 2.2 55.7 
 Clarain 8.6 64.3 
4481 Bone 1.6 65.9 
4482 Clarain 12.6 78.5 
4483 Dull Clarain 2.5 81.0 
4484 Clarain 5.5 86.5 
4485 Bright Clarain 29.5 116.0 
4486 Durain 6.7 122.7 
4487 Clarain 13.3 136.0 
4488 Dull Clarain 2.5 138.5 









 Table E.2. Sample description of measured section 4489 —4499. 






4489 Clarain 1.4 1.4 
 Durain 2.4 3.8 
 Bright Clarain 2.3 6.1 
 Pyrite 0.1 6.2 
 Bright Clarain 4.0 10.2 
4490 Fusain 0.2 10.4 
 Bright Clarain 0.8 11.2 
 Clarain 5.3 16.5 
 Dull Clarain 2.5 19.0 
 Vitrain 0.4 19.4 
 Durain 1.1 20.5 
 Parting 13.0 33.5 
4491 Clarain 1.5 35.0 
 Bright Clarain 1.5 36.5 
4492 Clarain 7.1 43.6 
 Bright Clarain 2.8 46.4 
4493 Clarain 6.1 52.5 
 Bright Clarain 1.0 53.5 
4494 Fusain 0.1 53.6 
 Bright Clarain 4.4 58.0 
4495 Clarain 22.0 80.0 
 Bright Clarain 9.0 89.0 
4496 Fusain 1.0 90.0 
 Bright Clarain 21.0 111.0 
4497 Durain 8.0 119.0 
4498 Bright Clarain 4.0 123.0 
 Dull Clarain 3.5 126.5 
 Bright Clarain 5.5 132.0 
4499 Durain 2.0 134.0 







                Table E.3. Sample description of measured section 4500 —4511. 






4500 Bright Clarain 3.8 3.8 
 Fusain 0.1 3.9 
 Bright Clarain 0.6 4.5 
 Fusain 0.1 4.6 
4501 Bone 2.5 7.1 
4502 Parting 2.2 9.3 
 Dull Clarain 2.9 12.2 
 Pyrite 0.1 12.3 
 Dull Clarain 1.3 13.6 
4503 Parting 16.4 30.0 
4504 Durain 2.5 32.5 
 Dull Clarain 1.5 34.0 
 Clarain 7.3 41.3 
 Fusain 0.1 41.4 
4505 Bright Clarain 0.6 42.0 
 Fusain 0.1 42.1 
 Clarain 2.9 45.0 
 Fusain 0.1 45.1 
 Clarain 1.5 46.6 
 Fusain 0.1 46.7 
4506 Durain 8.3 55.0 
 Parting 13.5 68.5 
4507 Clarain 11.5 80.0 
 Fusain 0.1 80.1 
 Bright Clarain 0.6 80.7 
 Fusain 0.1 80.8 
 Bright Clarain 1.7 82.5 
 Fusain 0.1 82.6 
 Bright Clarain 4.0 86.6 
 Fusain 0.1 86.7 
 Durain 1.3 88.0 
 Fusain 0.1 88.1 
 Bright Clarain 5.9 94.0 
 Clarain 13.5 107.5 
 Bright Clarain 2.0 109.5 
4508 Durain 4.0 113.5 
 Dull Clarain 4.1 117.6 
240
 Clarain 5.3 122.9 
 Fusain 0.1 123.0 
 Bright Clarain 0.9 123.9 
 Fusain 0.1 124.0 
 Bright Clarain 4.3 128.3 
 Fusain 0.1 128.4 
 Bright Clarain 3.9 132.3 
 Fusain 0.1 132.4 
 Bright Clarain 15.8 148.2 
4509 Durain 3.3 151.5 
 Bright Clarain 0.7 152.2 
 Durain 3.8 156.0 
4510 Clarain 13.7 169.7 
 Durain 2.8 172.5 





                Table E.4. Sample description of measured section 4599 —4607. 






4599 Bright Clarain 3.0 3.0 
 Durain 2.2 5.2 
 Dull Clarain 8.5 13.7 
 Clarain 2.5 16.2 
4600 Durain 5.7 21.9 
4601 Bright Clarain 18.9 40.8 
4602 Durain 1.0 41.8 
 Bright Clarain 10.0 51.8 
 Fusain 0.3 52.1 
 Bright Clarain 2.8 54.9 
 Durain 0.9 55.8 
 Bright Clarain 5.2 61.0 
 Fusain 0.3 61.3 
 Bright Clarain 2.7 64.0 
4603 Durain 17.7 81.7 
4604 Clarain 27.4 109.1 
4605 Fusain 0.3 109.4 
 Durain 7.3 116.7 
 Dull Clarain 12.8 129.5 
 Dull Clarain 3.7 133.2 
4606 Clarain 14.9 148.1 
4607 Durain 2.8 150.9 




                Table E.5. Sample description of measured section 4978 —4986. 






4978 Durain 3.0 3.0 
 Bright Clarain 1.0 4.0 
 Dull Clarain 3.3 7.3 
 Bright Clarain 5.7 11.0 
 Fusain 0.1 11.1 
 Bright Clarain 2.7 13.8 
 Fusain 0.1 13.9 
 Bright Clarain 2.1 16.0 
4979 Fusain 0.1 16.1 
 Clarain 21.9 38.0 
4980 Fusain 0.1 38.1 
 Clarain 6.9 45.0 
 Fusain 0.2 45.2 
 Clarain 2.3 47.5 
 Fusain 0.3 47.8 
4981 Clarain 11.3 59.0 
 Dull Clarain 1.0 60.0 
 Parting 6.0 66.0 
4982 Clarain 2.6 68.6 
 Durain 0.9 69.5 
 Clarain 3.2 72.7 
 Dull Clarain 2.1 74.8 
 Fusain 0.9 75.7 
4983 Clarain 13.1 88.8 
 Durain 2.2 90.0 
 Clarain 2.0 92.0 
 Parting 29.0 121.0 
4984 Bright Clarain 4.6 125.6 
 Fusain 0.1 125.7 
 Bright Clarain 0.8 126.5 
 Fusain 0.1 126.6 
 Bright Clarain 3.4 129.0 
4985 Durain 7.0 136.0 
 Clarain 1.0 137.0 
 Durain 6.0 153.0 
4986 Clarain 4.0 157.0 
 Dull Clarain 5.0 162.0 
 
243
Table E.6. Sample description of measured section 41035 —41041. 






41035 Bone 3.8 3.8 
41036 Clarain 6.4 10.2 
 Bright Clarain 8.9 19.1 
41037 Durain 6.3 25.4 
 Bright Clarain 3.8 29.2 
 Clarain 5.1 34.3 
41038 Dull Clarain 8.9 43.2 
 Bright Clarain 10.1 53.3 
41039 Dull Clarain 5.1 58.4 
 Durain 6.4 64.8 
 Dull Clarain 8.9 73.7 
41040 Bright Clarain 10.1 83.8 
 Dull Clarain 6.4 90.2 
 Bright Clarain 3.8 94.0 
41041 Fusain 1.3 95.3 





Table E.7. Sample description of measured section 41042 —41048. 






41042 Dull Clarain 2.0 2.0 
 Durain 3.3 5.3 
 Dull Clarain 7.7 12.0 
41043 Fusain 0.2 12.2 
 Clarain 6.8 19.0 
 Durain 6.5 25.5 
41044 Durain 6.0 31.5 
41045 Clarain 12.5 44.0 
41046 Dull Clarain 19.5 63.5 
41047 Durain 4.5 68.0 
 Dull Clarain 19.0 87.0 




             Table E.8. Sample description of measured section 41049 —41054. 






41049 Durain 13.0 13.0 
41050 Dull Clarain 5.5 18.5 
 Clarain 6.5 25.0 
41051 Dull Clarain 10.5 35.5 
 Clarain 2.5 38.0 
 Durain 2.6 40.6 
 Dull Clarain 2.4 43.0 
41052 Dull Clarain 14.0 57.0 
41053 Dull Clarain 11.5 68.5 
 Durain 2.5 71.0 
 Dull Clarain 4.0 75.0 




              Table E.9. Sample description of measured section 41055 —41061. 






41055 Bright Clarain 18.3 18.3 
41056 Clarain 6.7 25.0 
 Fusain 0.3 25.3 
 Dull Clarain 3.4 28.7 
 Clarain 3.3 32.0 
41057 Clarain 18.3 50.3 
41058 Dull Clarain 22.9 73.2 
41059 Dull Clarain 4.5 77.7 
 Clarain 10.7 88.4 
 Dull Clarain 4.0 92.4 
41060 Dull Clarain 18.9 114.3 
41061 Clarain 18.3 132.6 
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                Table E.10. Sample description of measured section 6468 —6476. 






6468 Dull Clarain 16.5 16.5 
6470 Dull Clarain 18.5 35.0 
6471 Fusain 0.3 35.3 
 Dull Clarain 7.7 43.0 
 Durain 0.3 43.3 
 Clarain 9.7 53.0 
6472 Parting 16.0 69.0 
6473 Clarain 7.3 76.3 
 Fusain 0.2 76.5 
 Dull Clarain 9.5 86.0 
6474 Fusain 0.3 86.3 
 Clarain 16.2 102.5 
6475 Parting 11.5 114.0 
6476 Bright Clarain 6.0 120.0 
















Table E.11. Sample description of measured section 6477 —6485. 






6477 Clarain 2.5 2.5 
6478 Parting 6.5 9.0 
6479 Clarain 2.0 11.0 
 Dull Clarain 3.8 14.8 
 Bone 1.2 16.0 
6480 Clarain 19.0 35.0 
 Fusain 0.2 35.2 
6481 Dull Clarain 7.0 42.2 
 Durain 5.8 48.0 
6482 Dull Clarain 16.0 64.0 
 Vitrain 0.3 64.3 
6483 Bone 2.7 67.0 
 Dull Clarain 2.0 69.0 
 Clarain 9.0 78.0 
6484 Clarain 16.0 94.0 





Blakey, R., 2010. Library of Paleogeography Map Projections: Regional Maps, North 
American Series. Colorado Plateau Geosystems, Inc. 
http://www.americanroads.us/oceanlinks/pennsylvanian.html, accessed 
12/12/2012. 
Cecil, C.B., Stanton, R.W., Dulong, F.T., Renton, J.J., 1982. Geologic factors that control 
mineral matter in coal. In: R.H. Filby, S.B. Carpenter and R.C. Regaini (Editors), 
Atomic and Nuclear Methods in Fossil Energy Research. Plenum, New York, 
NY, pp. 323-335. 
Chesnut, Jr., D.R., 1989. Pennsylvanian rocks of the eastern Kentucky coal field. In: C.B. 
Cecil and C. Eble (Editors), Carboniferous Geology of the Eastern United States. 
Am. Geophys. Union, Washington, D.C., Field Trip Guidebook. T143, pp. 57-63. 
DiMichele, W.A., Phillips, T.L., 1985. Arborescent lycopod reproduction and 
paleoecology of late Middle Pennsylvanian age (Herrin coal, Illinois, USA). 
Review of Palaeobotany and Palynology 44, 1-26. 
DiMichele, W.A., Phillips, T.L., 1993. Paleobotanical and paleoecological constraints on 
models of peat formation in the Late Carboniferous of Euroamerica. 
Palaeogeography, Palaeoclimatology, Palaeoecology 106, 261-278. 
Eble, C.F. Grady, W.C., 1990. Paleoecological interpretation of a Middle Pennsylvanian 
coal bed in the central Appalachian basin, U.S.A. International Journal of Coal 
Geology 16, 255-286. 
Eble, C.F., 1994. Palynostratigraphy of selected Middle Pennsylvanian coal beds in the 
Appalachian Basin, Rice, C.L. (editor), Elements of Pennsylvanian Stratigraphy, 
Central Appalachian Basin. Geological Society of America Special Paper 294, 55-
68. 
Eble, C.F., Hower, J.C., Andrews, W.M., 1994. Paleoecology of the Fire Clay coal bed in 
a portion of the Eastern Kentucky Coal Field. Palaeogeography, 
Palaeoclimatology, Palaeoecology 106, 287-305. 
Grady, W.C., Eble, C.F., 1989. Relationships among macerals, minerals, miospores and 
paleoecology in a column of Redstone coal (Upper Pennsylvanian) from north-
central West Virginia (U.S.A.). International Journal of Coal Geology 15, 1-26. 
Greb, S.F., Eble, C.F., Hower, J.C., 1999. Depositional history of the Fire Clay coal bed 
(Late Duckmantian), Eastern Kentucky, USA. International Journal of Coal 
Geology 40, 255-280. 
Greb, S.F., Eble, C.F., Williams, W.J., Nelson, W.J., 2001. Dips, ramps, and rolls – 
evidence for paleotopographic and syndepositional-fault control on the Western 
Kentucky No. 4 coal bed, Tradewater Formation (Bolsovian), Illinois Basin. 
International Journal of Coal Geology 45, 227-246.  
250
Greb, S.F., Eble, C.F., Hower, J.C., Andrews, W.M., 2002. Multiple-bench architecture 
and interpretations of original mire phases - Examples from the Middle 
Pennsylvanian of the Central Appalachian Basin, USA. International Journal of 
Coal Geology 49, 147-175. 
Hagan, W.W., 1969. Carter Coordinate Base Map Series of Kentucky, Jenkins Sheet. 
1:250,000. Lexington, Kentucky: Kentucky Geological Survey. 
Haney, D.C., 1979. Generalized Geologic Map of Kentucky. 1:100,000. Lexington, 
Kentucky: Kentucky Geological Survey. 
Haney, D.C., 1981. Carter Coordinate and Topographic Index Map of Kentucky. 
1:100,000, Series XI. Lexington, Kentucky: Kentucky Geological Survey. 
Helfrich, C.T., Hower, J.C., 1991. Palynologic and petrographic variation in the Pond 
Creek coal bed, Pike County, Kentucky. Organic Geochemistry 17, 153-159. 
Hower, J.C., Pollock, J.D., 1988. Petrology of the Pond Creek coal bed in Eastern 
Kentucky. Organic Geochemistry 12, 297-302. 
Hower, J.C., Bland A.E., 1989. Geochemistry of the Pond Creek coal bed, Eastern 
Kentucky coalfield. International Journal of Coal Geology 11, 205-226. 
Hower, J.C., Eble, C.F., 2004. Coal facies studies in the eastern United States. 
International Journal of Coal Geology 58, 3-22. 
Hower, J.C., Ruppert, L.F., Eble, C.F., 2007. Lateral variation in geochemistry, 
petrology, and palynology in the Elswick coal bed, Pike County, Kentucky. 
International Journal of Coal Geology 69, 165-178. 
Hower, J.C., O’Keefe, J.M.K, Watt, M.A., Pratt, T.J., Eble, C.F., Stucker, J.D., 
Richardson, A.R., Kostova, I.J., 2009. Notes on the origin of inertinite macerals in 
coals: Observations on the importance of fungi in the origin of macrinite. 
International Journal of Coal Geology, 80, 135-143. 
Hower, J.C., O’Keefe, J.M.K., Volk, T.J., Watt, M.A., 2010. Funginite-resinite 
associations in coal. International Journal of Coal Geology 83, 64-72. 
Hower, J.C., O’Keefe, J.M.K, Eble, C.F., Raymond, A., Valentin, B., Volk, T.J., 
Richardson, A.R., Satterwhite, A.B., Hatch, R.S., Stucker, J.D., Watt, M.A., 2011. 
Notes on the origin of inertinite macerals in coal: Evidence for fungal and 
arthropod transformations of degraded macerals. International Journal of Coal 
Geology 86, 231-240. 
Hower, J.C., Wagner, N.J., 2012. Notes on the methods of the combined 
maceral/microlithotype determination in coal. International Journal of Coal 
Geology 95, 47-53. 
251
Hower, J.C., Misz-Keenan, M., O’Keefe, J.M.K., Mastalerz, M., Eble, C.F., Garrison, T.M., 
Johnston, M.N., Stucker, J.D., 2013. Macrinite forms in Pennsylvanian coals. 
International Journal of Coal Geology 116-117, 172-181. 
Hower, J.C., O’Keefe, J.M.K, Wagner, N.J., Dai, S., Wang, X., Xue, W., 2013. An 
investigation of Wulantuga coal (Cretaceous, Inner Mongolia) macerals: 
Paleopathology of faunal and fungal invasions into wood and the recognizable 
clues for their activity. International Journal of Coal Geology 114, 44-53. 
International Committee for Coal Petrology (ICCP), 1963. International Handbook of 
Coal Petrography, 2
nd
 ed., CNRS (Paris). 
International Committee for Coal Petrology (ICCP), 1998. The new vitrinite 
classification (ICCP System 1994). Fuel  77, 349-358. 
International Committee for  Coal Petrology (ICCP), 2001. The new inertinite 
classification (ICCP System 1994). Fuel 80, 459-471. 
Moore, P.D., 1987. Ecological and hydrological aspects of peat formation. In: A.C. Scott 
(Editor), Coal and Coal-Bearing Strata: Recent Advances. Geol. Soc. London, 
Spec. Publ., 32, 7-16. 
Mukhopadhyay, P.K., and Hatcher, P.G., 1993. “Composition of Coal: Chapter 4.” 
Hydrocarbons from Coal, pp. 91, AAPG/Datapages. 
O’Keefe, J.M.K., Betchel, A., Christanis, K., Dai, S., DiMichele, W.A., Eble, C.F., 
Esterle, J.S., Mastalerz, M., Raymond, A.L., Valentim, B.V., Wagner, N.J., Ward, 
C.R., Hower, J.C., 2013. On the fundamental difference between coal rank and 
coal type. International Journal of Coal Geology 118, 58-87. 
Rice, C.L., Smith, J.H., 1980. Correlation of coal beds, coal zones, and key stratigraphic 
units in the Pennsylvanian rocks of eastern Kentucky: U.S. Geological Survey 
Miscellaneous Field Studies Map MF-1188. 
Schopf, J.M., 1956. A definition of coal. Economic Geology 51, 521-527. 
Scott, A.C., 1989.  Observations on the nature and origin of fusain. International Journal 
of Coal Geology 12, 443-475. 
Scott A.C., Jones, T.P., 1994. The nature and influence of fire in Carboniferous 
ecosystems. Palaeogeography, Palaeoclimatology, Palaeoecology 106, 91-112. 
Scott, A.C., 2010. Charcoal recoginiton, taphonomy and uses in palaeoenvironment 
analysis. Palaeogeography, Palaeoclimatology, Palaeoecology 291, 11-39. 
Stopes, M.C., 1911. A reply to Prof. Jeffery’s article on Yezonia and Crytomeriopsis. 
Annals of Botany 24, 269-370. 
Suárez-Ruiz, I., Crelling, J.C., 2008. Applied Coal Petrology: The Role of Petrology in 
Coal Utilization. San Diego, Elsevier Ltd. Pp. 1-2, 17-18, 20. 
252
Tankard, A.J., 1986. Depositional response to foreland deformation in the Carboniferous 
of eastern Kentucky. The American Association of Petroleum Geologists Bulletin. 
70(7), 853868.  
Taylor, G.H., Teichmüller, M., Davis, A., Diessel, C.F.K., Littke, R., Robert, P., 1998. 
Organic Petrology. Berlin, Gebrüder Borntraeger. Pp. 6-11, 27, 99, 175-238, 275-
282. 
Taylor, R., 1990. Interpretation of the correlation coefficient: A basic review. Journal of 
Diagnostic Medical Sonography 1, 35-39. 
Teichmüller, M., 1989. The genesis of coal from the viewpoint of coal petrology. 
International Journal of Coal Geology 12, 1-87. 
Tyson, R.V., 1995. Sedimentary Organic Matter: Organic Facies and Palynofacies. 
London, Chapman and Hall. Pp. 24-26. 
Ward, C.R., 1984. Coal Geology and Coal Technology. Singapore, Blackwell Scientific 











Bachelor of Arts, Biology with a Minor in Environmental Studies, Department of 
Biology, Bellarmine University, Louisville, KY, May 2011 
 
Professional Experience 
Research Assistant, Center for Applied Energy Research, Lexington, KY 
Organic Petrography Intern, School of Chemical and Metallurgical Engineering, 
University of Witwatersrand, Johannesburg, South Africa 
Research Co-Supervisor, Department of Earth and Space Science, Morehead State 
University, Morehead, KY  
Teaching Assistant, Department of Earth and Environmental Sciences, University of 
Kentucky, Lexington, KY 
Field Assistant, Sedimentary Environmental and Radiochemical Research Laboratory, 
University of Kentucky, Lexington, KY 
 
Professional Memberships 
American Association of Petroleum Geologists 
Geological Society of America 




Brooke, S.J., Johnston, M.N., O’Keefe, J.M.K, 2014. Fungal indicators of depositional 
environment and decompositional pathways in a Paleocene Wilcox Group Coal 
from Texas Kentucky. Kentucky Geological Survey, Ohio Valley Organic 
Petrographers’ Meeting (Lexington, Kentucky, March 21
th
 2014; Oral 
Presentation). 
 
Dai, S., Zhao, L., Hower, J.C., Johnston, M.N., Song, W., Wang, P., Zhang, S., 2014 at 
earliest. Petrology, mineralogy, and chemistry of size-fractioned fly ash from the 
Jungar power plant, Inner Mongolia, China, with emphasis on the distribution of 
rare earth elements:  Energy & Fuels 28, 1502-1514. 
 
Hower, J.C., Groppo, J.G., Joshi, P., Dai, S., Moecher, D.P., Johnston, M.N., 
2013. Location of Cerium in Coal-combustion Fly Ashes:  Implications for 
Recovery of Lanthanides.  Coal Combustion & Gasification Products 5, 73-78.  
 
Johnston, M.N., Hower, J.C., Eble, C.F., O’Keefe, J.M.K., 2013. The Characterization 
of Maceral Composition in the Leatherwood Coal Bed in Eastern Kentucky. 
Geological Society of America Annual Meeting (Denver, Colorado, October 
2013). Geological Society of America Abstracts with Programs, Vol. 45. No.7,p. 
314 (Poster Presentation). 
254
 
O’Keefe, J.M.K., Johnston, M.N., Dutton, K.R., Layne, A.R., Howard, M.B., Hower, J.C., 
2013. Variations in depositional environments and paleoecology among lignites in 
the Upper Mississippian Embayment.  Geological Society of America Annual 
Meeting (Denver, Colorado, October 2013). Geological Society of America Abstracts 
with Programs, Vol. 45. No. 7, p. 286 (Oral Presentation). 
Dutton, K.R., Johnston, M.N., O’Keefe, J.M.K., 2013.  Examining microbial diversity in 
the Eocene Fancy Farm Lignite through a tiered mentoring program for 
undergraduates and graduate students. Geological Society of America Annual 
Meeting (Denver, Colorado, October 2013). Geological Society of America 
Abstracts with Programs, Vol. 45. No. 7, p. 273 (Poster Presentation). 
 
O’Keefe, J.M.K., Johnston, M.N., Dutton, K.R., Layne, A.R., Howard, M.B., Hower, 
J.C., 2013. Fungal distributions as indicators of mire type and preservation, upper 
Mississippi Embayment. USA:  American Association of Stratigraphic 
Palynologists (San Francisco, California, October 22
nd
 2013; Oral Presentation). 
 
Belkin, H.E., Hower, J.C., O’Keefe, J., Garrison, Johnston, M.N., 2013.  Cenozoic coals of 
Southeast Asia (Malaysia, Philippines, and Thailand). Petrology and 
Geochemistry:  The Society for Organic Petrology, 30
th
 Annual Meeting 
(Sosnowiec, Poland, September 2-4
th
 2013; Oral Presentation). 
Wagner, N.J., Johnston, M.N., Hower, J.C., Nadhlaso, M., 2013. Petrographic 
consideration of coals from the Karoo Basin, Botswana: expanding the limited data 
pool. ICCP Annual Meeting (Sosnowiec, Poland). ICCP Program &Abstract Book, 
No.  65,  p.  47-48 (Oral Presentation).  
Hower, J.C., Misz-Keenan, M., O’Keefe, J.M.K., Mastalerz, M., Eble, C.F., Garrison, T.M., 
Johnston, M.N., Stucker, J.D., 2013. Macrinite forms in Pennsylvanian coals. 
International Journal of Coal Geology 116-117, 172-181. 
Johnston, M.N., 2013. The characterization of maceral composition in the Leatherwood 
coal bed of eastern Kentucky. Indiana Geological Survey, Ohio Valley Organic 
Petrographers’ Meeting (Bloomington, Indiana, March 29
th
 2013; Oral Presentation). 
Johnston, M.N., and Hatch, R.S., 2011. Sediment dynamics and benthic community 
responses to hydrocarbon exposures following the Deepwater Horizon oil spill. 
University of Kentucky, 2011 Fall Semester, Geology Seminar Series (Lexington, 
Kentucky, November 17
th
 2011; Oral Presentation).  
Johnston, M.N., and Bulinski, K.V., 2011.  Change in ecospace utilization through the 
type Cincinnatian: a study of biodiversity patterns as a function of stratigraphic 
range and sample size. Bellarmine University Undergraduate Scholarship Poster 
Competition (Louisville, Kentucky, April 2011). The Eleventh Annual Academic 
Achievement Week Poster Session Abstracts with Programs, Vol. 11, No. 13, p. 13 
(Poster Presentation). 
255
Johnston, M.N., and Bulinski, K.V., 2011.  Change in ecospace utilization through the 
type Cincinnatian:  a study of biodiversity patterns as a function of stratigraphic 
range, lithology and sample size. Geological Society of America Annual Meeting 
(Pittsburgh, Pennsylvania, March 2011). Geological Society of America Abstracts 
with Programs, Vol. 43. No. 1. (Oral Presentation). 
Bulinski, K.V., and Johnston, M.N. 2010. The role of stratigraphic scale in the assessment 
of   biodiversity. Geological Society of America North-Central/ South-Central Joint 
Section Meeting (Branson, Missouri, April 2010). Geological Society of 
America Abstracts with Programs, Vol. 42, No. 2, p. 72 (Oral Presentation). 
 
 
 
 
 
256
